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FOREWORD

The first edition of the Ilandbook of Cyclonic Storms in the Bay of Bengal
by Sir John Eliot was published in 1890. The object of the publication was
to give for the information and guidance of sailors facts of observation and
resulls of study of storms in the Bay of Bengal. The last chapter gave practi-
cal hints to sailors to deteet the formation, development and movement of storms.

The second edition of the book was issued by Sir John Eliot in 1900, in-
corporating later information and various suggestions for improvement received
in the intervening years. The most important addition in the second edition
was a chapter giving briefly the chief features of the winds, weather and currents
in the Bay month by month. ——

\__ The second edition has been out of print for about a quarter of a century.
Although the question of bringing out a revised edition of the work, completely
re-written in parts, has been under consideration for some time, other work
has stood in the way of accomplishing it. The pressing demand for informa-
tion about weather and storms in the DBay of DBengal which has now
arisen on account of the war, has led to the preparation of this pbridg-
dd edition of the Handbook. The [acts given in it are as true today as in the
last century, and require little modification. All references to meteorological
h;struments and methods of ohservation have been left out, as well as aceounts
of currentg in the Bay, as fuller information is available elsewhere. The last
chapter containing hints to sailors has also been omitted. The facts about the
weather and storms in the Bay in cach month of the year, and accounts of some
typical eyeiones have been given as briefly as possible. It is hoped that this
abridged and slightly revised edition along with the publication ‘‘ Winds,
Weather and Currents-on the Coasts of India and the Laws of Storms '’ will
be useful not only to the seaman, but also to the airman and the meteorologist.

C. W. B. NORMAND,
Director General of Observalories.
Poona,
Sepicmber, 1943.



HAND-BOOK OF CYCLONIC STORMS IN THE BAY OF BENGAL
FOR THE USE OF SAILORS

BY
Sir John Eliot.

(ABRIDGED)

CHAPTER I—INTRODUCTION

The chief object of this volume is {o give the mariner who navigates the Bay of
Bpngal an account of the dangerous storms that oceur in it, to state and explain the.
signs and mdieations by which he may recognize when he is approaching a eyelone, or
that a cyelone is forming in that part of the Bay which he is traversing, and to furnish
him with information and methods by which he may ascertain sufficiently for all
practicul purposes the hearing or dircetion of the storm centre, and the path of any
cyclonie storm he may meet with in the Bay.

By following thesc or similar instructions he will, in the great majority of cases,
if not in all, when he is involved in cyelonie weather in the Bay of Bengal, be enabled
to avoxg the inner stotm-area of dangerous winds, and flerce squalls and rapid shifts
of wind. '

I may here point out that my aim throughout the book has not been to give hard
and fust rules, the observance of which will enable any seaman to pursue the safest
course when he meets with a eyclonie storm in the Bay of Bengal. I do not believe
it is possible to draw up rules which wiil be of use without the co-operation of the
full mtelligence of the person who wishes to employ the experience embodicd in any
series of rules drawn up for his guidance.

Henee throughout the book I have endeavoured to give reasons for every rule in
the hope that I may enlist the intelligent co-operation of all who read it. The know-
ledge of many of the more important features of c¢yelone movement, development, and
decay is as yet very imperfeel, and it is mainly by the intelligent observation of those
sailors who chiefly experience the hirth, development, and movement of the cyeclonie
stormg in the Bay of Bengal that further inerease of our knowledge will be made.
They supply the raw materal for meteorologists to consider, discuss, and embody in

rules for guidance.

It is hardly necessary to remind sailors that the storms which are met with in
the Bay of Bengal are occasionally of excessive violence. Formerly when little or
nothing was known of the laws of storms, they caused frequent grave destruction to
shipping. Disasters still occasionally happen, and, in some cases at least, may be
traced to neglect of ordinary precautions, or to disregard of the accumulated experience

of the past.

Tho sun is the great source of energy or the motive power acting directly or in-
directly on the atmosphere.—One of the more important enquiries that any one
studying the weather has to take up, is to find out whgt is the agent or'motlve power
which supplies the energy that puts large masses of air into rapid motion and main-
tains the motion fov considerable intervals of time. For example, in many of the
larger cyclones of the Bay, a mass of awr, 100 miles at least in d{ameter and probably
not less than a mile in height, is eaused to move at a rate !vhxch ‘averages at l_east
40 (if not 60) miles per hour. The mass of air put into this rapid motion weighs
as much as balf a million 6,000-ton ships at the least and moves more thap three
It should also be remembered that this amount of motion has

i iiekly. [ S 8 1
::;:e:nl‘;s tg‘ll)o g)radually given to the mass of air, but that it is frequently continued
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for several days againsi the various resistances offered to the moving mass of air.
How effective and powerful these resistances may be in certain cases is shown by the
fact that the Backergunj cyclone, one of the largest of Lhe nineteenth century, was
eompletely destroyed by the resistance of the hills of eastern Bengal in the space of
a few hours. The amounti of power necessary to maintain the motion after it has
been generated is difficult to estimate, hut is certainly equal to the engine power that
would be necessary lo drive some hundreds of thousands of 6,000-ton steamers at
the rate of 12 miles per hour. Whence is this power, this energy, derived ?

The sun is an enormous reservoir of heat which it is giving out continuously.
The heat thus radiated is propagated through space, and produces at the surfaces
and in the atmnospheres of the planets all the ehanges that heat is eapable of effect-
ing. Meteorologists almost universally assume that the sun is direetly or indirectly
the agent or the motive power, which produces all the larger changes or molions in the
earth’s atmosphere. Ii is its energy alone which mainiains the steady trade-winds
from year to year and the periodic monsoon winds of India, and which sets in motion
those flerce destruetive hurricanes or eyelones of the Indian and Atlantic Oceans that
are the dread of the sailor.

Character of air motion on large scale.--There are certain peculiarities in air
. motion which it is desirable to explain.

When there is prolonged motion in such a mass as the open air, if we eonsider
the onward motion of any portion, it is evident that the air in front of that portion
must be also moving onwards and vacating the space to he filled by the advancing
air, and also that the air behind the advaneing portion will move forwards to fill up
the space vacated. Hence the motion of air at any point also necessarily implies
that the air is moving in front and behind. And the same will be true for these two
portions of air in front and rear, and so on. The same avzument continued will show
that the only prolonged air-motion possible is one which returns finally into itself
or motion in # circuit or closed path. If resembles to ~ome degree the motion of a
eontinuous band such ag 1s used for driving machinery or that of the clectrical cur-
rent (as it is usually considered) in a eontinuous wire. When the air is moving on
the large scale it is hence in all eases moving more or less in a cireuit.

Air motion of expansion and contraction.— Another kind of motion of air thas
may ocecur is sueh as happens when a hollow hall of thin Tndia-rubber, ete., is held
near a fire, The air inside is heated and the eclastic and flexible cover is driven
slightly cutwards, so that the air inside occupies a slightly larger volume than
before. In ordinary language the air expands and motion of some kind
is necessary for expansion. The motion, however, of the air in this case
is quile different to that which would occur if the bladder were to bhurst. Any
portion of air oul in the open is in reality surrounded by a wall of air which, like
the membrane of the ball, ean he thrust outwards by the cxpansive aetion of the
air within it when heated, so that the given portion of air occupies a larger volume
than when it was cqlder. This takes place as a necessary vesult of heating. There is
no doubt that this motion of expansion by heating and therefore also of contraction
by cooling oceurs on a large scale in nature. Tt is very probable, if not quite eertain,
that one of the daily effects of the sun’s lieat is to cause an upward expansional
motion of this kind (with perhaps slight horizontal movement, especially between
gea and land snd between plains and mountains) whiech is followed by contraction at
night as the air cools down again. The expansion is of course due to, and accom-
panics, changes of pressure. Where the action of the sun is large and regular, as
in the tropical regions, the motion goes on with great regularity from day to day, and
gives rise to the very uniform changes in the ieight of the barometer known as the
diurnal tides or diurnal oscillation of the barometer.

Motion of small masses of air throngh the atmosphere, such as perhaps occurs in
squalls, nor westers, dust-storms, etc.—Another way in which it is possible that a mass
of air may move may be compared to that of a cannon ball. The given mass of air
may he, from some canse or other (perbaps suddenly or impulsively), set in violent
motion and foree its way through the almost quiescent air in front of it driving it
aside whilst the air closes up again behind it. There are some reasons for believing
that the dust-storms in upper India and the brief wind-squalls which oecasionally
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;931‘1{ at sea during cyelonic slorms may be partly, if not entirely, motion of this
i

Hence we see thal so far as we have considered the subjeet of air motion in its
simpler aspecte, the motion of large bodies of air may be either—

(i) The slight motion accompanying expansion or econtraction due to heating
or cooling of the mass of air,

(ii) The onward motion of a mass of air which has heen put into rapid motion,
and forces or ploughs its way unbroken through a slagnant or comparatively
slow moving mass of air.

(iii) Motion of large masses of air in a cirenit or cireulation. This may be—
(a) simple, as in the case of the trade-winds,

(b) complex, as in the case of cyclones or when the motion is usually termed
vorticose, which case remains yet to be considered.

There may also be any combination of the above motions, This frequently
happens in the eases of No. ii and No. iii (b).

The most important case of combination of the above motions is that which
oecurs in all e¢yclonie storms.

Air motion in cyclonic storms.—This complex form of motion arises when more
or less violent actions oceur over an area or eentre of disturbance. Thus, for example,
when a very large forest is on fire, the heated air over it rises and the air flows in
towards it from all sides. The air which rises up after it reaches a certain height
tends to spread out and to move away in all directions. For reasons which are partly
explained below, the inflow near the surface of the earth to the heated air does not
take place directly, but by a specics of spiral or revolving motion, forming whirls,
such as are very common in water motion, even on the smallest scale. The air is in
such a motion drawn in {o the centre, but not directly. It moves round the centre of
the disturbance and at the same time moves towards the central area into whieh it is
drawn and passes upwards. Hence, when such a disturbance is started, the air at
and near the earth’s surface rushes towards the centre from all directions, and the
actual motion which results from such a rush towards a central area of disturbance
and uptake is always rotatory. In the case of very small whirls such as give rise to
waterspouts at sea, the whirling or rotatory motion is probably due to the fact that the
air from different directions rushes in with slightly different velocities or rates of
motion. In the case of the enormous whirls which form cyclonie storms this is not
the chief eause in operalion. This is due to the fact that the air is connected with
the earth, which is a moving body. Hence, when the air is in apparent motion, it is
actually moving with respeet to a body which is itself in motion. *

Now, air, when it is moving over the earth’s surface, is comnected with, and
moving with respeet to, a body itself in motion. And, so far as one part of the
carth’s motion is concerned, viz., the motion round its axis once a day, the rate of
motion differs at different parts of the earth’s surface, being greatest at the equator
and diminishing to nothing at the poles. It ean be shown mathematically that the
effect of the air moving over the earth’s surface is almost exactly equivalent to the
supposition that the earth is at rest and that there is a force which is always (in
whatever direction the air may be moving) tending to turn it in the northern hemi-
sphere to the right hand of its line of motion. Thus it is that the air moving
northwards from the equator up the Bay of Bengal or Arahian Sea in the open
sea is bent more and more to the right hand or east, and hence that the wind dirce-
tion in passing northwards from the equator up the Arabian Sea during the south-
west monsoon echanges from south through southwest to westsouthwest. This is
of course only out on the open sea, where there are no obstructions to modify this
eourse.

Hence, if any disturbance ariscs in the air which tends to draw the air in frem
all directions, the air which moves directly towards it from all quarters will be
drawn uside and have its direction continuously changed as it advances towards
the ccntre, and from whatever direction, it will be deflected tow:rds the right hand.
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It is not possible {o represent such a motion by a single diagram. In a vertical
seetion through the eentre the motion would be somewhat as follows :—

- TP

This, however, represents one feature of the motion and by no means.the most
important part. The air is drawn into the ceutre, but is not drawn direetly to
it. The particles move by a kind of spival path to the centre fignred as below,
and hence tend to carry bodies inwards by suech a path—

A

"

Fic.2.

It is most importani to remember that the air moves in this manner when there is
a eenira; disturbanee giving rise to a rapid motion of the wid about the centre
and of indranght towards the centre. It has heen stated by several of the oldex
meteorologists that the air moves round the centre in a eirele as a point on the rim
of a wheel moves round the axle, and that, therefore the direction of motion of the
wind is at right angles to the direetion, or bearing of the eentre. Every ecyelonic
<torm that is investigated, in whatever part of the world it oceurs, furnishes fresh
evidence of the ciror of Piddinglon, Reid, and others on this point and confinns {he
spiral theory of the motion of the air in eyelones. Snch a motion of the air is called o
eyclonic circulation and may be very feeble, or it may be so violent as to constitute a
dangerous storm.
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Cyelonice cireulations have certain general features, the chief of which should be
carefully remembered—

1st.—The barometer is always low at or near the centre and is high on the
outskirts or outer edge, of the circulation, and diminishes as we proceed from
the outskirts to the centre. The fall is also usually most rapid near the centre.

2nd.-—The air near the earth’s surface not only moves round, but is drawn in
towards the centre and moves always in the same direction with respeet to the
centre in the northern hemisphere. The air moves round in a direetion which is
the opposite to that in which the pointers of a watch move, so that, roughly
speaking, to the east of the centre southerly winds prevail, to the north, casterly
winds, to the west, northerly winds, and to -the south, westerly winds. Hence
the dircetion of the wind in a eyclonic storm indicates to an observer in what
part or quadrant of the storm ares he is. This motion is usually known as the
cyclonic motion of the wind in the northern hemisphere, and is frequently denoted

thus— ‘C)'T

2rd-- At and near the centre over which the air is ascending there is much
developmet of cloud, and frequently heavy rainfall, whilst in the outskirts, where
there are descending currents, fine clear dry weather is the rule, and there is a
gradual transition from the one kind of weather to the other as we pass from .
the outskirts to the centre and vice versa.

The readers should henece remember that to a meteorologist what is ealled a
harometrie depression, or a low, over an area rclative to neighbouring districts and
a cycelonmie eireculation are similar terms and suggest the same kind of air motion or
disturbance,

Motion cf the air in an anticyclone.— The same general kind of motion about
a centre, but in the reversed direction, ean be produced in various ways, as for
example, hy great cold or by the fall of snow over a large arca. The effect of the
ecld eould he to produce a descending current, and hence near the surface of the
earth the air would move away, the motion not taking place directly from or round
the centre, but in a spiral or vorticose manner, and ahove the air would stream in
by a similar kind of path to feed the descending current.

The chief features of such a motion are the opposite of those of a eyelonie
sircalation, -

1¢{.—The barometer is highest near the eentre and gradually falls as we
pess from the centre outwards. .
2nd. —The spiral motion of the air about the eentre is performed in the opposite

direetion to that already deseribed, or, in other words, the air moves round in
the same sense or direction as the hands of a watech. The direction is usually

shown in the following manner :(— (3

Such a motion of the air is termed antieyclonie and the whole phenomenon an
anticyclone. The molion of the air in an anticyclone is very rarely violent and
never so in tropical seas.

General character of the larger barometric changes in the Bay of Bengal—

(A) Except during the existence of the larger and more severe eyelones the
harometrie changes in the Bay of Bengal are always small in amount and take
place very steadily and gradually. There is none of that ramd and large fluetua-
tion of the barometer in the Bay of Bengal such as occurs in England or the
Norih Atlantie Ocean if the weather be the slightest unsettled. A fall of a
tenth of an inch in 24 hours in any part of the Bay is certainly less frequent
than a fall of half an inch, and probably less frequent over the greater part of
the Bay than a fall of an inch, in the same interval in England or the British
Neas.

(B) The general prineiple is that in evelonie disturbances the barometer
usually rises more quickly in the rear of the storm than it falls in front. An
cqually important feature in which the changes of pressure in the Bay of Bengal
differ from those usually experienced in the British Seas or {emperate regions is,
that there are large regular movements of the barometer which have absolutely
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nothing to do with stormy or disturbed weather, and which consequently must
be allowed for before we can obtain the echanges of pressure caused by approach-
ing bad weather or by a cyclonic storm. One of these is the daily tides or diurnal
motion of the mercury in the barometer which goes on with the same regularity
in fine as 1n unsettled weather. It is a kind of pulsation or oscillation whieh
continues amidst all the changes and variations of weather in India, and is per-
formed with such regularity that if it were not that 1t is cecasionally mixed up
with, and obscured by, other changes, it might he used to determine the time
of day approximately. As this movement goes on equally in fine as in stormy
weather, it can have nothing to do with the production of the latter, and hence
this 1egular change must be left out of account entirely in using the barometer
as an indicator of stormy weather,

The {able below gives for the Bay as a whole the mean hourly values of the
diurnal variation of pressure from the mean of the day in millibars,
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Again in the months of June, July and August, when the southwest monsoon is
fully established, thexe is always a difference of pressure, averaging ncarly four-tenths
of an inch, between the south and the head of the Bay. Hence the barometer on
hoard a steamer going up the Bay from Galle to Caleutta will usually fall during the
three or four days of the passage four-tenths of an inch in consequenee of the ordinary
weather conditions of the period. A smaller fall than this would probably mean much
finer weather than usual, and a larger fall that a very strong monsoon wss blowing
over the whole of thc Bay, or a eyclonic storm was in progress near the head of the
Bay.

It may also be noted that even after due allowance is made for the daily oscilla
tion, it is found that the atmospherie pres-ure or the height of the barometer is never
absolutely steady, but, like the hob of a pendulum suspended by a long wire or string,
is always moving or oscillating through small distances. Thus, in the finest and nost
settled weather in India, the barometer rises for a short period, usually about one to
three days, and then falls for a similar period and rises again, and so on. These small
oscillations appear to be almost as essential a part of the ordinary atmospheric changes
as the diurnal tides, and hence are almo-~l independent of the weather. By far the
larger number of disturbances, however, appear {o originate during the periods of
falling barometer and hence, as might be expecied « priori, the unsettled weather, which
precedes cyclonic storms, tends to occur during the falling, rather than the rising, por-
tion of these general barometric movements or oscillations over India.

(C) The barometric changes are, as a rule, much smaller in the south than in
the centre and north of the Bay. For the barometer at the entrance of the Bayin
ordinary weather does not vary more than two-tenths of an inch all {he year round,
rising and falling between 29.75 in, and 29.95 in. (leaving out of account the daily
barometric tides). Whereas in the extreme north of the Bay (without taking into
account the large movements during cyclonic storms) the barometer falls from
an average of 30.05 in. in January to an average of 29,50 in, in July, or through
nearly six-tenths of an inch. Hence the total annual range or movement of the
barometer is very small in the south of the Bay and increases in amount northwards.

(D) The barometer in the Bay of Benga) during the period, May to November
and December, to which cyclonic storms are almost entirely confined, seldom fallg




so much as a tenth of an inch, and very rarely so much as -15 inch m 24 hours at
the same place unless a cyclonic storn is forming in the neighbourhood of, or is
advancing towards the place of ohservation. '

(E) The steadiness of the harometer in the tropics, as compared with the
temperate regions, is, 1t may he stated, mainly due to the slow rate at which the
velocity of the rotation of the earth’s surface alters in the tropies with inereasing
latitudes. The harometer in the Bay of Bengal ravely rises a tenth of ap ineh
i 24 hours unless a eyelonic storm 15 either filling up near the place of ohserva-
tion or has been advancing away from 1t. Tt is not so necessary to give data for
this statement, a5 the principle is of much less importance than the preceding. The
data, however, will help to establish the general principle of the smallness ?)f the
duily barometer changes in the Indian seas, and hence further confirm the data in
the preceding paragraph. They also show that rapid rises of the barometer are
more frequent in the Bay than rapid falls. This is, of course, only one phase of
the genera] prineiple that the barometer rises more quickly after the passage of u
cyclonie storm than it falls during its approach, or that the barometer rises more
yuiekly in the rear of a storm than 1t falls in front.

(I") The preceding principles (more espeeially C and D) henee establish the
following important rule :--

If the barometer in the Bay of Bngal during the cyclonie season lasting from

May to December falls more than .15 in. in the north of the Bay—or more than

-10 1, 10 the eentre or south of the Bay in 24 hours,— that is, if the difference

hetween the reading of the bharometer at the same place and at the same hour on

two consecutive days differs by amounts exeeeding +10 in. in the eentre and south
of the Bay —or -15 in. in the north of the Bay,—1t may be aceepted as an slmost
certain indieation that a eyclonie storm 1s forming m the neighbourhood, or that

a eycloni¢ storm of considerable or gicat wiensity is approaching it.

(G) An equally valuable and mmportant principle is the followng :—

It is very rare for the barometer to fall in the north of the Bay of Bengal more
than two-tenths of an mnch (-20 n.) below its normal height or more than - 15 in,
in the centre of the Bay, and if i{. does on hoard a ship at any place in the north
or centre of the Bay, 1t indicates that pressure 1s below the normal or ordmary
pressure by that amount ay least, and 1s an almost certamn indication that a eyclo-
nic storm has formed, or i1s formmg m the Bay the position of which ean be
ascertained from other indieations,

An important principle of conversion of energy, viz., that che intensity of action
vaiies inversely with the time of action. In the ¢ase of the lever, a feeble force acting
through a considerable distance, may cxert or give rise at the other extremity of the
lever to a large foree acting through a small distance, but whatever merease of force is
guned by its use, the distance through which it acls is proportionately diminished, or,
as it i3 usually expressed, what is gamed in force is lost iv distance. In considering
the changes or actions we are now contemplating, we have to remember that there are,
as in the case of the lever, two elements. These are, in the present case, wnteusity of
action and the duration of the action. 14 15 almost sclf-evident that in the case of any
tinnsfer of energy or performance ol work by machinery, whatever we can gamn in one
of these elements is lost in the otber. Thewe remuarks will hence illustrate the prinei-
ple that in any conversion of energy what is gained in wtensity is lost m time, or that
the duration of the action dimimishes al the same rate as the ntensity increases,

Hence it is that the energy of the cleetrieal discharge of a thunderstorm is very
small indeed. It ean produce very violent effeets depending upon mere intensity of
action, but the duration of action of a flash of lightning is so excessively small that the
amount of work it can do is small and it has been shown most conclusively by distinguish-
ed men like Faraday and Tyndall, that a few pounds of coal contain more energy and
can do more work than the whole of the electricity generated during a thunderstorm.

Applications of the preceding principles to the processes of evaporation and con-
densation.—These remarks, it will be seen, have a most important bearing on our
subject.

The sun in evaporating water does a cerlain definite amount of work on each pound
of water when changing its state into aqueous vapour. When the aqueous vapour 18
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re-converted by any method info water and returns to the earth’s surface, it yields up the
energy given to it by the sun, in virtue of which it can do an amount of work praeti-
eolly equal to that done by the sun in evaporating it.

The most important question, in connection with this re-conversion of the aqueout
vapow into water is the rate at which it takes place—that is whether the action is like
that of the watch or the pile hammer after it has been acted on by man. The following
reasons will show thal it resembles that of the pile hammer rather than that of the

wateh :(—

I is believed, from a large number of experiments that have been made (as for
example measuring the depth of water evaporated in tanks in India, ete.), that the
amount of heat energy which comes from the sun and falls on every square foot of
surface of the Bay of Bengal does on the average the work of evaporating a tenth of
an inch of water in one day or nearly eight ounces of water. According to some the
amonnt may be as much as one-fourth of an inch or upwards of a pound of water per
square fool of surfacc or about scventy-five nullion tons of water per square degree of
surface of the Bay of Bengal. We shall assume for the purposes of the argument that
the evaporating power of the sun per square foot of surface is one quarter of an inch
and this may hence be taken as a measure of the sun’s activity at and near the earth’s
surface,

When it falls upon a dry land surface it heats it rapidly, and the heated surfaee
then imparts a portion of its heat to the air by the snme kind of process and motion
as that which takes place when water is hoiled in a kettle over a fire. It is by this kind
of heating mainly thal the air becomes hotter during sunny days, and not by the direet
aclion of the sun. On the other hand, when the sun’s heat falls upon the surface of
waler, or very damp soil, its action is almo~t entirely confined to evaporating the sur-
face water. Hence the effects of sun’s heat at land and sea are essentially different.
In the latter ease, 1 is continuously during the day adding to the amount of aqueous
vapour in the air, hut produces hardly any change of temperature in the air itself. In
the former case, or in (he interior of a country like India, the sun’s action during the day
produces indircetly very considerable changes of pressure, density, and temperature,
and as the air is not conleined in a closed space and 12 free to move, these changes are
accompanied by a very considerable amount of motion, in part ascensional and in part
horizontal. Ience it i~ over the Jand that many of the changes take place which ini-
tiate winds and changes of winds Tor example, land and sea breezes are due to the
rapid heating of the land in the day time as compared with the sea, and its equally
rapid cooling at night.

And it is evident {hat if there were no action due to the varying amount of aqueous
vapour in the air or to the processes of evaporation and condensation, the chief cause
of the motion of the air or of winds would have to be sought for solely in the different
heating eflects in different latitudes or on jand and at sea. Such aetions are suff-
cient to explain satisfactorily the trade winds, land and sea breezes, the hot dry winds
of upper India in April and May, ete. Bul these are all ecomparatively feeble winds,
and not in any way comparable in foree to the violent hurricane winds of eyelonie
storms in the Bay of Bengal, and it is therefore evident that these strong storm winds
must he due to some other action than the heating of air by contact with surfaces of
land exposed to the powerful rays of a tropical sun.

There is only one known action which appears to be adequate to explain these winds.
In all the larger and more violent cyeclonie storms of the Bay of Bengal there is always
heavy, and almost continuous concentrated rain over the inner storm area, and frequent
rain squalls in the outer storm cirele, whilst beyond the area of disturbance the weather
is fine and clear for very considerable distances to the north, east, and west. Judging
from the rainfall that oceurs during the passage of eyclonic storms across Indis, it is
almost certain that rear the centre rain falls at the rate of 13 to 2 inches or even
more per hour. The amount of rain at any place not only depends upon its intensity,
but upon its duration, which in cyclonic storms depends upon the magnitude of the
storm and the rate of its motion. Rainfalls of from 5 to 10 inches in 24 hours at places
passed over by cyclonic storms are quite common in India after they reach land. Rain-
falls of from 10 to 20 inches in 24 Lours are of comparatively frequent occurrence, and
of from 20 to 30 inches of oceasional occurrence. Hence it is quite within the mark to
assume as a fair average estimate that 10 inches of rain fall over the inner storm area
of a largs and intense cyelone during every 24 hours of its existence as a violent storm.
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Taking the estimate of the sun’s power per day to be equivalent to that required
for the evaporation of a depth of one-quarter of an inch of water, it is evident that over
the storm area forty times as much water would be condensed and poured down as rain,
as the sun is able to evaporate in the same inierval, that is, in this ecase the work of
condensation would go on forty times as rapidly as that of evaporation goes on in the
Bay in fine sunny weather. Hence also, forty times as much energy would be given out
by the condensed aqueous vapour to the surrounding air as ecould be given by the direet
aclion of the sun. In other words, there 1s in such a storm an action going on, and a
conversion of energy which is very much more intense and powerful than the direct
action of the sun, and can therefore produce much more rapid and greater changes and
motions. If the rainfall he heavier than 10 inches per 24 hours, the action will be pro-
portionstely more intense, .

The energy given up during condensation appears to he communicated to the air
directly and produces rapid increase of its wotion. The aqueous vapour in this case
may hence be compared to the coa]l which 15 necessary to heat the boiler of a steam-
engine or steam-vessel. Kach of them, ie., coal and aqueous vapour, contains a certain
amoant of energy per pound of mass. In the one case the coal gives up its energy, by
the process of burning or combustion, to the water or steam in the boiler, in virtue of
which it is able to move the mechanism of the vessel. In the second case the aqueous
vapour gives up a portion of its energy whilst heing converted into water by the pro-
cess of condensation, and communicates that energy to the air which is henca put into
violent motion,

There are several important features in this transfer of enmergy which should be
remembered :—

First—It is a direct action or effeet upon the air and not an indireet one, and is
hence different from the heating of the air during the day which is due indirectly to
the sun heating the earth’s surface. Practically the whole of it is hence utilized in
producing changes in the motion of the air.

Second.—It is continuous and not intermittent like the sun’s action on the earth
or the surface of waler and is not suspended at night.

Third.—It is, in the case of heavy cyclonic rainfall, a very much more intense
action than the direct action of the sun. If we call the ordinary action of the sun a
sun-power, this action might be twenty, fifty or even one hundred sun-powers.

Fourth.—1t is given out to a very limited mass of air compared with that acted
upon directly by the sun. The sun’s action, for example, cxtends almost equally over
the whole of India and the Bay, and 1ts power differs comparatively little at different
places during the hot weather and rains. The action of rainfall on the contrary is local
and hence produces a very large effect on a limited mass of air (or a very large local
disturbanee whielr is the primary feature of cyelonie storms), and very little at a
distance ot 200 or 300 miles. It hence gives rise to very great differences of condition
at moderate distances, and this, 1t is hardly necessary to point out, is the most essential
feature of a large local disturbance.

In order to ascertain the chief motive power of cyclonic storms or the energy given
out during the process of condensation of aqueous vapour and of rainfall, it would be
necessary for a complete cuquiry to ascertain the conditions under which this action of
rainfall takes place, and more especially the conditions necessary for the peculiarly
coneentrated and localized heavy rainfall that accompanies and maintains cyclonie storms,
This, however, is not necessary in the present little work, as the chief object of these
remarks has been to direet the attention of the sailor to the real motive power, and hence
by inference to suggest that clectricity, or temperature differences are utterly inefficient,
and not to give a full account of the various theories that have been suggested at different
times to explain the origin and phenomena of cyclunes,

In the preceding paragraphs a very brief explanation has been given of what may
be termed the motive power of cyclones. It is not, of course, a complete explanation
of all the actions accompanying cyclones. To return to our illustration : it is not mere-
ly sufficient to have coal in order to produce rapid motion of a ship, but it is absolutely
necessary to have a complicated apparatus and men to guide and control that .apparatus
or machinery. The machine or steam-engine is as necessary for the conversion of the
energy of the coal into the motion of the ship as the coal itself. Similarly, in the ease
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of cyclones, whilst the motive power is derived from the condensation of aqueous vapour,
various conditions have to be fulfilled in order that this motive power may originate
and maintain a eyclonic storm.

Process of condensation of aqueous vapour in nature.—Sinee the air ean contain
less vapour in the invisible state at a lower than a higher temperature, if a given q}lantlty
of air be taken and be cooled down far enough, it will arrive at a state when it is satu-
rated, and if it be cooled still further, it cannot contain that amount of vapour in _the
invisible state, and the surplus will he condensed into small globules of water, forming
a visible white mass. The process of condensation in nature on the large seale is hence
always due to cooling the air below the temperature of saturation by some process.
There sre various ways in which this may ocenr, but it will be sufficient to
mention two. The first is by the air near the earth’s «urface on dry ecalm cold
nights heing cooled down hv contact with the earth’s surface, which cools
rapidly by giving out the heat it has ahsorhed dnring the dav. Tn this case if the cooling
he sufficiently great, the air near the earth’s surface will fall helow the saturation point
and condensation will take place. and mist or fog he formed. This method never gives
rain, as it occurs through too small a denth of air for the formation of larze drops and
therefore for rainfall. The second, and bv far the most general ecause, is due to the
cooling of air that is rising higher and hicher above the earth’s surface. An ascending
column of »air i the most froitful source of rain that oeccurs in nature. The reason
of this is not diffienlt to understand. The given mass of air in rising up rasses throngh
air which presees less and less vigorously on it as it vises. Tn other words, the exterual
pressure on it diminishes. The air is then able to swell out, puching aside the surround-
ing air to a large extent as it risex But in pushing aside the outside air it exerts force
through a distance or does work. A< a hodv doine work necessarily loses some power
of doing work or energy, the air in exnandine durving its a<cent loses energy, and the
energy which it loses is not chemical enerey, electrieal enevay, ete., but heat energy.
Tt in fact acts on the same general prineiple that lies af. the voot of the netion of {he
stcam-engine. Tf, then, a portion of it hv vising and exnanding eools down, and if
this motion of ascension proeeed far enough, the air will rool helow its saturation point
and some of ifs invisible vapour will he converted into visible glohnles forming a eloud.

Rainfall—The enormous energy of evelones in the Bav of Bengal is almost en-
tirely devived from the change of the aqueons vapour present in the air into yain hv
the process of condensation. As the largest and most inten<e evelones in {he Bay of
Bengal are far more severe and intense than storme in the temnerate regions of the
Atlantic Ocean, and have features which are either absent or are nof con<pienons in
those storms, as for example, storm waves. ealm centres, ete, this would natnrally kue-
zest that the rainfall in tropical evelones is almost certainly mueh ereater than ever
oceurs in the storms of the North Atlantie Ocean. This eannot he proved hy aetual
measurement, of rainfall at sea, as no satisfactory method has yet heen generally introduced
for measuring rain on hoard ships. The deccriptions of eyelonie sforms in tropieal
seas, as given in the logs of vessels, however, ahonnd in expressions evidencing the extra-
ordinary intensity of the rainfall. The following are quoted from logs which have been
sent in during recent storms in the Bay of Bengal :-—% Terrifie rain,” *¢ Sheets of rain,”
:: Torrents of rain,” ¢ Blinding rain,” “ Continnons heavy rain,” ¢‘Steady hard rain,”

Tl!lek .ram," ‘‘ Incessant rain,” “ Thick blinding rain,” ‘‘Deluge of rain 7 ¢ Rain
coming in y <olid mass.” ote.
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OHAPTER IIL—NORMAL WEATH%%N%;NALEAOE MONTH IN THE BAY OF

The present chapter gives a brief description of the weather usually experienced in
the Bay of Bengal during the year. .

The Bay of Benga] is included within the larger area known as the Indian monsoon
region in which winds from opposite directions prevail during the two divisions of the
year known as the northeast monsoon (or season of northeast winds in the Indian seas)
and the southwest monsoon (or season of southwest winds in the Indian seas).

The Northeast monsoon.—The northeast monsoon conditions are most fully estab-
lished in the months of January and February.

In these months pressure is highest in northern India and central Asia (including
Persia), decreasing southwards to the south of the equator and thende increasing again
southwards to Lat. 25° or 30° in the Indian Ocean. The general air movement in the
Indian seas and India in these months is from north to south. These northerly winds
in the open seas are deflecied by the action of the earth’s rotation to the right and hence
are from northeasterly directions. These northeast winds during this period are similar
in their origin to the northeast trades in the Atlantic and Pacific Oceans, the chief dif-
ference being that the latter are permanent winds, whilst the former are seasonal winds
only.

As pressure is always higher in the centre and south of the Indian Oecean than in
and near the equatorial helt, the air movement in these regions is always from south with
a deflection from east due to the earth’s rotation (which is to left in the southern hemis-
phere). These southeast winds are permanent and not seasonal, and are the southeast
trades of the Indian Qcean.

The intermediate area between the southeast trades of {he Indian Ocean and the north-
east winds of January and February in the Indian seas is a region of light unsteady
winds and calms, much rain, frequent thunderstorms, and squalls. It corresponds to the
Doldrums of the Atlantiec and the Pacific Oceans.

As these northerly winds over the Indian seas are the continuation of an air move-
ment from the interior of India and the countries to the north and west, they are com-
paratively dry and cool. Hence during their full prevalence dry coo] weather with
little or no cloud obtains over the greater part of the Bay of Bengal. Conditions begin
to ehange in the latter half of Fehruary or the first half of March due to the increas-
ing influence of the sun or of the solar heating action which gives rise to a ready and
continuous increase of temperature over the whole Indian land and sea areas. The in-
erease is considerably greater over the Jand than over the sea. Hence the air begins to
draw into the land from the neighbouring seas. This is chiefly exhibited in February
and March in the Bengal, Orissa, and Ganjam coast distriets and neighbouring portions
of the Bay, where light to moderate southwest winds set in and prevail in increasing
strength.

It should be carefully noted that these southwest winds are local winds, restricted
in March to a small part of the north and northwest of the Bay. Over the remainder
of the Bay northeast winds continue, but are less vigorous than in January and February.
With the increasing temperature and heat of the interior of India in April and May,
the local sea winds in the ndrth and northwest of the Bay intensify and also extend over
an increasing area seawards as well as landwards,

In March these winds cxtend over the Bay north of Lat. 18° N. and in April north
of Lat. 14° N. South of that latitude light unsteady winds prevail, except over the
Coromandel coast district where local <outherly winds (long shore winds as they are
usually termed) prevail,

Whilst these changes are in progress in the north of the Bay in March and April,
other changes of equal importance are initiated in the extreme south of the Bay where
westerly winds set in, at first very unsteadily. These westerly winds are not true south-
west monsoon winds as the helt of calms and variable winds extend over the eastern
half of the equatorial belt at this time. They appear to he mainly due to slightly lower
pressure over south Sumatra and the Malay peninsula or (0 an indraught from the edol
sea to the heated island and peninsular areas to the cast.

The region in the centre of the Bay between the area of moderate westerly winds
in the South of the Bay, and of moderate to strong southwest winds in the north of the



12

Bay is charaeterized by light to moderate variable winds, chiefly from northerly diree-
tions.

In May the two systems of winds in the north and south of the Bay increase in
intensity and extend southwards and northwards, so that west to southwest winds pre-
vail generally over the Bay in that month. These winds, so far as can be judged from
the cloud data, are comparatively shallow and do not extend upwards more than per-
haps 5,000 feet. As they blow over a sea area at a comparatively high temperature,
they are, however, very damp and hence give much showery or rainy weather, more
especially in the east and south of the Bay and in Burma, Bengal and Assam. In these
land areas the rainfall is chiefly due to the forced ascent of the sea winds in the Bengal
and Assam hills and usually accompanies thunderstorms. Occasionally cyelonic storms
form and as conditions are favourable to their steady and prolonged development, they
are occasionally of the most dangerous type, viz., evclones with a calm centre and hurri-
cane winds.

The southwest monsoon.—The great change which initiates the southwest mon-
soon proper in the Bay usually occurs in the last week of May or first week of June.
Previous to that change, in the latter part of May and the beginning of June, southeast
winds prevail in the Indian Ocean from Lat. 30° 8. to the equator and west and south-
westerly winds from Lat. 2° or 3° N. to the head of the Bay of Bengal. The inter-
mediate belt over and to the north of the equator is an area of light, unsteady winds with
showery weather, thunder squalls, ete. There is hence a clear and marked separation
between the two horizontal systems in the Indian Ocean and the Bay of Bengal.

A comparatively sudden change usually occurs early in June, in virtue of which
the intermediate helt of light variable winds disappears and a continuous horizontal
air movement ig established over the whole area from Lat. 30° S. to India and Burma.
There is little change in the direetion of the mcan winds, except in and near the equator,
where they veer rapidly from southeast through south fo scuthwest and westsouthwest
ia passing through the equatorial belt.

This change is accompanied by a large rush of damp amr from the Indian Ocean
across the equatorial belt into the Bay of Bengal and the Arahian Sea.

One important effect of this is to change the lower air current in the Bay from onc
ot shallow depth (perhaps 5,000 feet) to one of great depth, probably exceeding 15,000
feet. As might be expected the vast inrush of moist air from the south of the Bay
pives rise to a very large amount of irregular disturbance, more especially to much rain
and frequent squalls.

This action frequently tends to localize and intensify over the eenire of the Bay,
with the result that the advance of this moist inrush very often gives rise to a eyclonic
storm of considerable to great intensity in each sea area.

This change in the charaeter of the air movement over the Bay, ending in the estah-
lishment of the southwest monsoon over the Bav and northern India, initiates conditiors
which are permanent during the next three montbs, .., July, August, and September,

The southwest monsoon eurrents blow with unabated vigour in July and August
and begin to show signs of decreasing strength in Septemher. This decrease of strensth
ie exhibited in various ways. In the first place the current does not advance so far into
the interior of India as before, or in other words it gradually withdraws, first from
northwest India, next from central India, the United Provinces and Bihar, and after-
wards from Bengal. The withdrawal of the current from the land area of northern
India is a slow process, usually taking about a month for its completion. The pressure
changes accompanying the retreat of the current are especially intercsting. The with-
drawal of the current accompanies an inerease of pressure to the northwest and wesi ,
which is an essential part of the whole process.

Metcorological division of the year into four seasons—The hest division of the year
in the Bay of Bengal from these conditions is as follows :—
1st—From January to March, when uwortheast winds of land origin prevail over
the whole or greater part of the Bay.
2nd.—April and May, during which the winds change to southwest over the Bav.
The winds in May are due to local conditions. They change slightly in direetion in
June and strengthen considerably in the centre of the Bay, due to the change of
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their origin from local conditions over the Bay and India to general conditions over
India, the Indian seas, and the Indian Ocean.

3rd—June to September, when southwest winds of oceanic origin hold steadily
in the Bay.

4th.—October to Decembher, when these southwest winds of oceanie origin gradually
retreat southwards and are replaced by northerly winds of land origin.

These four periods may perhaps be termed—

(1) The northeast mousvon period ;

(2) The May transition period,;

(3) The sonthwest monsoon period :

(4) The retreating <outhwest monsoon period. .

These terms or divisionsg will be cited throughout the following chapters.

The following gives a brief deseription of the weather in the Bay, month by month,
dnring the year.

January.—In this month pressure is usnally highest in the north of the Bay and
lowest at the entrance {o the Bay (i.e., between north Sumatra and south Ceylon). The
total vange of pressure over the Bay is slightly less than -15” giving a gradient for north-
casterly winds of barelv 1[5.  Asx might he expected from the conditions, winds are
slightlv stronger in the south than the north of the Bay. Weather is almost invariably
fine with light northeasterly winds. clear or lightly clouded skics and a moderate tempera-
fure inereasing southwards. Weather is occasionally squally off the east Ceylon and
north Snmatra coasts due to the foreed ascent of the air eurrent produced by the moun-
tains near these coasts. The squalls are, however, rarely severe, but are generally accom-
panied hy much thunder and lightning.

Weather is oceasionally feehlv unsettled at the head of the Bay when cold weather
stormq¢ or depressions are advancing eastward across Benzal. Winds then draw round
to south or scuiheart, skies eloud over, and licht showers of rain may oceur. Weather
ic almost invariably elose and sultry during the mareh of these storms across Bengal.
Thev are followed hy short periods of much drier and cooler weather than usual,
moderate to strong northerly winds and bright, elear skies.

The temperature of the air in the shade inercases from an average of 680 in the
north of the Bay to an average of ahout 80° in the extreme south. The temperature
of the gea surface water, on the other hand, ranges only hetween 77° in the north of
the Bay and 83° in the extreme south.

February.—The eeneral eonditiong in the Bay are similar to those of the nreceding
month. TPressure is highest in the north and lowest in the extreme <outh. The range
of pressure averages about -10” or two-thirds of that of the month of January. North-
easterly winds eontinue over nearlv the whole area, but they are lighter in the north and
cenfre of the sea than in the previous month, and average harely 2:0 in foree at the
head of the Bav inereasing southwards to foree 3 in the south of the Bay.

Southerly winds are more frequent at the head of the Bay than in January.
These southerlv winds are dne to two different actions. The first of these is the passage
of cold weather depressions aeross Bengal, ag in Januarv. This is of oceasional eceur-
renee in seasons of normal ér more protracted ecold weathor rains than usunal in northern
India. and of heavy and prolonged snow fall in the Himalayan mountain area. The
aecond is the earlier commencement of the hot weather than usual, followine a drier and
feebler ecold weather than usual. The increasing heat in the interior of Bengal and in
Rihar and Chota Nagpur caunses the winds to shift round to southerly direetions in gouth
Benaal and Orissa and the adjacent sea area particularly in the afternoon.

Weather is almosit invariably fine over nearly the whole area. Squally are of
nceasional oceurrence near the east Ceylon and north Sumatra coasts, but they are less
frequent than in January. Weather is also occasionally cloudy and muggy at the head
of the Rav during the nassage of cold weather storms. This type of weather is, how-
ever, lesy frequent than in January.

The temnerature of the air in the Bay ranges from 73° in the north to 80° in the
extreroe sonth and differs Jittle from 78° over the greater nart of the centre and south of
the Bav. Tt ix hence practieally unchanged over the sonthern half of the Bay, but in-
ereases rather ranidlv in the north near the coasts of Reneal and Oriccn i
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The temperature of the surface water is slightly higher in the north of the Bay but
unchanged over the centre and south.

March.—Pressure is in March on the average of the month slightly higher in the
eentre than in the south and north of the Pay. The gradients at the head of the Bay
and in Bengal are steeper than in February, and the southwest winds in that aresa hence
increase considerably in strength, and also extend to an increasing distance inland and
also southwards in the Bay. South winds average 3:0 in foice at the head of the Bay,
and are strongest off the Ovissa and southwest Bengal coasis. Northeasterly winds conti-
nue in the centre and south of the Bay and are strongest in the centre of the Bay where
they average 2:5 in force, decreasing to about 2-0 in the south of the Bay where they
are much feebler and more unsteady than they are in February.

Fine weather prevailg as a rule during the month over nearly the whole of the Bay.
The air is generally very damp due to the rapid evaporation from the water surface and
hence dew 15 usually deposited on all 1apidly radiating surfaces during the night. Winds
are much more variable and nnsteady m the south of the Bay than in February. Squalls
are of comparatively rare oceurrence in March off the Ceylon and Sumatra coasts and
in the straits of Malacea.

The only area liable to squalis is the head of the Bay near the Bengal and Orissa
coasts. 1llot weather storms (including thunderstorms, hailstorms, nor’'westers, ete.)
which form over the hills in Bengal and Orissa travel seawards and sometimes pass into
the Bay. The following gives a brief general description of these storms,

The first sign of these storms is a low bank of dark clouds in the northwest, the upper
outline of which hLag the appearance of an arch. It approacheg at first slowly, and then
more and more rapidly and commences with a strong gust or squall which on land
raises e¢louds of dust. There is frequently heavy thunder and lightning followed by
downpours of rain driven by the strong wind. Sometimes the winds blow with
almost hurricane force and blow down frees and infliet muech damage on houses, ete.
These stormrs are sometimes aecompanied with hail. The greatest veloeily recorded ia
these storms at Caleutta is about 100 miles per hour. They rarely last more than
two or three hours and are usually followed by cool clear weather during the remainder
of the uight.

It will hence be seen that these squalls or nor’westers may give exceedingly strong
winds approaching in intensity {o the hurricane winds of a cyelonie storm, and may give
rise to a high sca in the northwest angle of the Bay. They 1arely last for more than three
or four hours and are of comparatively rare oceurrence in March in the north of the
Bay.

Geutle breezes between N.W. and N, blow frequently from the land after midnight
until morning on the Coromandel coast. These winds are followed by c¢alm or faint
variable airs until about noon when a sontheast hreeze, the long shorve wind, sets in,

Temperature inereases throughout the month over the whole of the Bay, more
rapidly in the north than in the south. Tt ranges hetween 78° in the northeast of the
Bay and 82° in the west, centre, and south.

April—During this month pressure falls in the north of the Bay and rises slightly
in the south, and is on the mean of the month about a tenth of an ineh higher in the
southeast of the Bay than in the northwest of the Bay. The gradients are very slight,
except near the Bengal and Orissa coasts. Southwesterly winds prevail generally to
the north of Lat. 16°N. and are strongest near the Bengal and Orissa coasts where they
average 3°5 in foree. Near the Arakan coast the winds blow from the west or north-
west, Light unsteady winds oblain in the centre of the Bay They average 2-5 in foree.
Over the south of the Bay also winds are unsteady, winds ftrom westerly and easterly
directions alternating. the former becoming permanent before the end of the month.
Winds average 2-5 in: foree in that area except off the west Samatra eoast where they are
much stronger.

The chief features of the air movement in the Bay in this month are firstly the
increasing streneth and extension of the southwest winds in the north of the Bay, and
secondly the weakness, unsteadiness, and variability of the winds in the southern half
of the Bay (exeept near the Coromandel eoast).

At the head of the Bay the winds show little variation during the day, but are
slightly stronger during the day than the night hours. Near tbe Coromandel coast, the
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day influenee is marked. The sen breeze or long shore wind begins at about noon and
continues nntil late at night (usually about 10 p.M.) after which winds veer to southwest
or west, falling off considerably in strength,

Temperature increases over the Bay during the month, more rapidly in the north
than the south. If is on the mean of the month almost uniform over the whole of the
Bay, averaging §1°. The temperature of the surface water is almost identical with this
over the whole area.

Hot and sultry weather with light unsteady winds prevails during by far the
greater part of the month over the whole area. The air is exceedingly damp and skies
trequently clouded. At the head of the Bay nor’westers are of occasional oceurrence
and are felt sometimes to distances of 60 and 80 wiles from land. Thunderstorms and
rain squalls are of frequent oceurrence in the interior of Ceylon and sometimes extend
to the neighbouring sea area. Weather ig occasionally disturbed in the south and south-
cast of the Bay, and is also oceasionally showery u.?g' squally in the south of the Anda-
man sea and between the Nicobars and Sumatra, more especially in the last fortnight
of the month.

The disturbed conditions in these regions develop into storms, on the average once
m three or four years. Some of the stormg are severe. They generally move in a
northerly to northearterly direetion towards the Arakan and Pegu coasts.

May.—The pressure conditions in the Bay change considerably in this month and
the first fortnight of June. Pressure decreases steadily and considerably in the north
of the Bay and increases slightly in the south of the Bay. The mean difference of
pressure between the head of the Bay and the extreme southeast is ahout -16 inch, giving
a mean gradient of 1/4. (iradients are steepest in the northwest of the Bay where they
average about 1, and decrease to about 1/6 in the south of the Bay. The mean wind-
of the month are directly related to the pressure gradients, ranging from westsouthwest
i the extreme south ot the Bay to southwest in the centre and north. Winds are
stronges{ in the northwest and centre of the Bay where, on the mean of the month,
they range between 3:5 and 4:0. They range between 3:5 and 25 in the ex-
treme south of the Bay, and are fecblest between Lat, 0° and Lat. 4° N. and Lone.
88° K. and Long. 100° E. The changes in the winds which oceur during the month
are important, and are due to the extension northwards of the westerly winds
which eommence in the gouth of the Bay in April, and in the extension southwards of
the strong southwest winds prevailing in the north and northwest of the Bay. There
is a marked {cendenev to the occasional oceurrence of light variable airs and calmg in
the centre of the Bay between these two wind systems, and for eyclonic storms (other
conditions being favourahle) to originate in this central area of calms and light variable
winds. As the conditions also sometimes favour the slow and prolonged development
ot these disturbances, they occasionally intensify into eyeloneg with calm area and
hurricane winds. They are sometimes as inteuse and violent as the most severe cyelones
of the October transition period, although as a rule they arc usually of small extent.
i1om the conditions prevailing at their inception they almost invariably form in the
centre of the Bay, or in the Andaman Sea. They advanece usually in a northerly direc-
tion and recurve northeastwards to the Chittagong and Arakan coasts. If they form
near the Coromandel coast, they advance westwards to that coast or northwards to the
(‘irears or Orissa coasts.

The mean temperature of the air in the month of May in the Bay is practically
identieal with that obtaining in April, averaging 84°. It ig very uniform over the whole
ol the Bay (except of course in the immediate neighbourhood of the west coast). The
temnerature of the surface water ranges betwen 84° and 86° and is on the whole
greatest in the eentre of the Bay, i.e., in the area where calms and light variable airs are
of most frequent occurrence.

The weather in the Bay is much more frequently disturbed in May than in April.
In the south of the Bay weather ig very changeable, intervals of fine weather with
lichtish westerly winds and moderate ecloud alternating with periods of much cloud,
squally weather, and heavy rain. In the south of the Andaman Sea near the Mergui
Archipelago, weather is frequently squally in the beginning of May with much thunder
and lightning. In the latter half of the month weather becomes more unsettled, and
very squally weather with heavy rain frequently prevails for days together.

In the centre of the Bay weather is usually fine with light, unsteady winds and
much eloud, and with occasionally very hot sultry weather. It is usually during such



16

periods of hot and sultry weather, that eyclonic storms form in the belt of light winds
and give rise to very stormy weather over the greater part of the Bay.

Weather in the north of the Bay is chiefly dependent upon the conditions in
northeast India. As a rule, southwesterly winds prevail, the strength of which
depends upon the intensity of the temperature and other conditions in Bengal,
Bihar, and Chota Nagpur. These winds vary in intensitv conciderably throughout
the day. At Saugor Island and False Pomnt they are usually strongest ahout 2 p.M.
or 3 p.M. Nor'westers occasionally eome down from th~ land dnrine hrief periods of
unsettled weather in Bengal (usually lasting about three davs). As in April these
disturbances do not advance more than 80 or 100 miles seawards from land.

Occasionally very stormy weather due {o the formation of ecyclonie storms or
evelones prevails in' the part of the Bay over which the storms advance from their
place of generation to the land, and strong winds and hurricane winds may hence be
experienced,

June.—The month of June mav be divided into two periods, the first usually
Insting until about the 7th and the second during the remainder of the month.
During the first period the weather conditions are identical with those obtaining in
the second half of May. Winds are from southwest to westsouthwest over the whole
area and are strong in the north of the Bayv. and moderate to strong in the south of
the Bay, and light to moderate and unsteadv in the centre of the Bay. A rapid
change occurs usually in the second week of the month, practically almost simultane-
ous with the commencement or hurst of the monsoon on the west coast. The change
on the Bombay coast is =0 large and striking that anv one can fix the day of its
ccenvrence.  Before the chanee, hot, snltrv, drv weather with partially elonded, skies,
and somewhat unsteadv winds (the chief variation heing that of the land and sea
breezes) are the characteristic features on the Bombav coast. The change ic nsmallv
ushered in bv a very severe and proloneed thunderstorm and is followed bv coolish hut
very damp weather. heavily clondad ckies, frequent heavv rain. and steadv, moderate
to strone winds. There is no Jaree shift in the wind direction but the charaster of
the winds and accompanying weather completelv change.

An examination of the data furnished for manv vears by vessels entering the
vorts of Bomhay and Calentta shows most clearlv the nature of the change. Pre-
vious to the change the air movements in the Tndian Ocean and the Indian seas
are distinet and separate. Tn the equatorial belt hetween these two areas light,
variable winds and ealms with mueh eloud and rain obtain previous to the chance.
These winds and weather in the ecuatorial helt are due to the continuation of the
contheast trade winds as a vertical or ascensional movement and not as a horizonial
movement over that area.

In consequence of a gradual change of pressure conditions over the whole area,
the nature of which would require more explanation than can be given here, the
horizontal air movement of the southeast {rades bursts across the equatorial belt
(over which the ascensional movement hence almost entirelv ceases) and is continued
northward over the Indian seas. The air movement of the southeast trades is much
vaster and deeper than that of the previous loecal air movement in the Indian seas.
This rapid advance of the air movement of the sontheast trades into the Indian seas
henece changes very considerably the air movement in the Bav of Beneal. Tt replaces
the local unsteady and shallow air movement by a ¢eneral large and deep current,
which brings up moisture from a sea area of unwards of ten times the extent of the
Indian seas. There is hence a verv laree and radical change in the character of the
winds and weather in the Bay in the month of June. It is then that what should be
called the southwest monsoon proper is really initiated and from which it -dates.

The change which occurs in the Bay of Beneal early in June has been fully
explained above. The winds and weather in the Bav antecedent to the change are
similar to those of the last fortnight in May, the chief features heing moderate to
strong southwest winds in the north of the Bay. unsteadv and somewhat variable
winds with occasional periods of calms and lirht airs in the centre of the Bav. and
morderate westsonthwest winds in the sonth  Wheatker is showery and sanally in the
south and southeast. fine hnt hot and sultry in the centre. and fina with strong winds
and occasional thundersaualls or nor’westers in the narth af the Rav nesr the Orissa
Bengal and Arakan coasts. The advance of the moist strong air eurrent from the;
sontheast trades up the Bay can be easily traced by the changes it produces. The
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advance is accompanied with much irregular disturbance in the south of the Bay,
severe squalls with very heavy rain being the chief and most prominent feature.
The irregular disturbance nsually concentrates into a eyelonic storm when the advance
i« passing over the centre or north of thc¢ Bay. These storms generally advance
westnorthwestwards across northern India and carry with them the southwest humid
winds, which give a heavy downpour of rain over the storm belt, the first burst of the
rains. Strong winds from the southwest generallv prevail during the remainder of
the month. As small cyclonic storms form in rapid succession at the head of the Bay
during the rains or southwest monsoon, unsettled weather with strong winds, squalls
and rain usually obtains at the head of the Bay, and strong and fairly steady south-
west winds in the centre and south of the Bay during the second half of the month.

The average difference of pressure iu June between the equatorial helt and the
head of the Bay (a distance of 20° of latitude) is -30”, correspondiny to a mean
gradient of 4.

Skics are always more or less heavily elouded and the air very damp during the
day. Showers and rain squalls ave of occasional to frequeni occurrence in all parts
of the Bay, but more especially near the Arakan and Bengal coasts, the south Ceylon
coast, and some parts of the Coromandel coast. Temperature falls slightly with the
establishment of the southwest monsoon and averages ahout 82° for the Bay area.
The mean temperature of the surface water also falls and ranges between 82° to 84°.

July.—-The southwest monsoon conditions established in June over the Bay
generally hold steadily through July and August. The strength of the air move-
ment varies slightly in a slowly oscillatory manner, periods of strong winds alter-
nating with periods of feebler winds, In the periods of strong winds there is much
indraught from the Bay into northern India and more or less heavy and frequent
ram falls in Bengal and the Gangetic plain. These periods of strong winds and
heavy rain vary considerably in duration, depending upon conditions in the interior
of India and also upon the general strength of the monsoon currents. Each such
period is followed by a period of diminishing winds and decreasing rainfall. This
change commences in the (Qangetie plain and extends eastwards to Bengal and south-
wards over the north of the Bay. It is usually terminated by the formation in the
north of the Bay of a shallow cyclonic storm, which as a rule marches northwestward
and is followed by a burst of strong monsoon winds and heavy general rain. The
chief features of the weather in the Bay dnring the month are (1st) the variations in
the strength of the monscon currents which are feebly marked in the south of the
Bay but very marked in the north, and (2nd) the succession of cyeclonie’ storms which
form in the north of the Bay during the month. The average number of these storms
is about three,

The mean range of pressure between the northwest angle of the Bav and the
south of the Bay is, as in June, about :30” and hence the mean gradient is about &
Winds are, on the average, from southwest over the whole Bay except in the extreme
south where the mean wind direction 1s from westsouthwest. Winds range between 2
and 5 in force on the mean of the month and ave strongest in the centre of the Bay.

The temperature conditions are practically identical with those of June.

Weather in the south and centre of the Bayv is generally fine with strong winds
and much cloud, but is oeccasionally interrupted by rain squalls. It is much more
variable in the north of the Bay, where it ranges between fine weather with lightly
clouded skies and stormy weather with severe westerly squalls to hurricane winds
near the centres and in the south and east quadrants of the more violent eyelonie
storms of the month.

August.—The weather conditions in the Bay are practieally identieal with those
of the preceding month (July). Southwest monsoon winds hold wilh comparative
steadiness over the Bay and continue to pour a vast quantity of aqueous vapour into
RBurma and northeast India which hence receive frequent heavv rain. Pressure is
nnchanged in the south of the Bay, but tends on the mean of the month to inecrease
slightly in the north of the Bay, and the average range or difference of pressure
hetween the head aud the south of the Bay is about :25”, giving mean gradicnts of
ahout 516, Gradients are very slightlv steeper in the north and centve of the Bay
than in the south or at the entrance of the Bay.

Winds average 37 in force hoth at the entrance and in the north of the Bay.
Over ncavly the whole of the centre of the Bav oxeept near the roasts thev range



18

between 4-0 and 5-3, and are strongest to the north and west of the And.una_ns. The
mean strength of the winds in the north of the Bay 1s less than in the centre in conse-
quence of the more frequent occurrence of mouderate to light winds. The temperature
of the air is slightly higher than 80° over the whole area on the mean of the month
and is about 2° to 3° lower than the temperature of the surface water which ranges
between 82° and 83° over the whole area except over a part of the entrance where it
averages 84°.

Winds are somewhat variable over the extreme south of the Bay, and ave on the
mean ot the month from westsouthwest. Over the remainder of the Bay, except in
the northeast angle, they blow with remarkable steadiness from the southwest. In the
northeast angle of the Bay tiiey chielly blow from southerly or southeasterly direc-
tions,

sSkies are more. or less clouded over the whole Bay area during the month.
Isolated rain squalls (that i, squalls not associated with cyeclonic storms) are of
oceasional oceurrence in all parts of the Bay, but more especially off the Burma and
south Ceylon coasts, and some parts of the Coromandel coast.

The strength of the southwest monsoon winds or air currents varies considerably
during the month. As in July, periods of very strong winds in the Bay coincide with
periods of heavy rainfall in northern India. In the intervals between the periods of
heavy rains in northern India and of strong winds in the Bay, winds fall off at the
hcad of the Bay ; and fine weather sets 1n with a decreasing sea. These periods are
usually terminated by the formation of a ¢yclome storm (in the northwest of the Bay
to the north of Lat. 16° N.). On an average about three such storms form in Augnust.
They generally advance in a westnorthwest track across the Orissa coast. As a rule,
the winds near the centre and to the south do not exceed 8 to 9 in forece (a moderate
to strong gale) but occasionally winds of foree 10 to 11, approaching hurricane force,
ure experienced. Weather is very squally and stormy during the formation and
ndvance of these depressions in the north of the Bay, and the southwest monsoon
winds in the centre of the Day are considerably intensified, blowing with a fgree
ranging between 5 and 7.

September.—The conditions in this month are very similar to those of July and
August. Pressure continues on the mean of the month unchanged in the south of the
Bay but rises slowly in the north of the Bay. The average pressure difference between
the head and the south of the Bay is about -20’” as compared with -25” in August aund
50 in July. The mean pressure gradient over the Bay in September is } as com-
pared with § in July. The gradients are nearly uniform in amount over the whole
Lay. Hence the mean strength of the winds in the Bay is slightly less than for
August and there is less variation in their intensity. Winds average 4-0 in force at
the entrance to the Bay and 3-0 in the north of the Bay (due to occasional iutervals of
light unsteady northerly winds). In the centre of the Bay they range between 4-0
and 5-0 and are apparently strongest in the centre of the Bay to the west and routh-
west of the Andamans. Winds are somewhat less steady and more variable iu
direstion in September than in August and July, more especially in the northwest
of the Bay. They blow chielly {rom westsouthwest in the south of the Bay, from
southwest in the centre and west of the Bay, and from south or south by west at
the head and in the northeast of the Bay.

There is practically no change in the temperature of the air over the Bay during
the month. The mean of the month is about 79° in the Andaman sea and 80° to
§2° in the Bay, temperature being slightly higher near the Coromandel Coast than
elsewhere. '

Skies are generally more or less clouded over the greater part of the Bay during
the month. Isolated rain squalls (ie., squalls not associated with eyclonic storms)
are of occasional occurrence in all parts of the Bay and are most frequent off the
Arakan and Tenasserim cosests and the south Ceylon coast. The strength of the
air movement varies from day to day in an irregular manner, periods of strong winds
alternating with intervals of lighter winds. The intervals of lighter winds and fine
weather are more prolonged than in July and August, and hence the periods of heavy
rain and strong winds are shorter and less marked thau in the previous two months.

The intervals of fine weather mre usnally terminated by the formation of eoyelonie
gtorms. They ocecasionally form further south than in the preceding two months,
and also under exceptional cirenmstances may develop into cyclones of great intensity,



19

comparable with the May and October cyclones. Hence stormy cyclonic weather is of
oceasional occurrence in the north and centre of the Bay. As a rule, from two to
three sturms form in the Bay during the month. Winds generaily do not exceed force
§ and 9 near and to the soulh o1 tue centre, but hurricane winds of force 12 have been
experienced.

October.—The last week of September and the month of October witness a large
change n the pressure and otber metecrolegical conditions in India. Pressure in-
c1eases rapidly in northwest India and moderately in northeast India and the north
of the Pen.nsuia and talls shightly in the south of the Bay. The effect of these changes
ir to give almost uniform pressure over the whole of India with a tendency to slightly
lower pressure in the centre of the Bay than elsewhere. These important changes
accompany the withdrawal of the moist sonthwest monsoon currents from northern
and central India. This change commences in upper India (i.e, the Punjab, Sind, and
Rajputana) where the rans usually ceuse in the third or fourth week of September
when light, variable wands with ecleur skies and dry weather set in. Somewhat later,
in the beginning of October, the rains usually ccase in the Gangetic plain and central
Inaia and fine, dry weather sets in, extending southwards and eastwards from the
Punjab. Showery weather continues for seme days longer in northeast India and
the Central Provinces, but in the third week of the month the moist winds usually
withdraw from these provinces. Damp, muggy weather with very light unsteady
winds prevails in these two areas during the remainder of the month. The change
described above is hence comparatively slow and gradual, and each stage of the
change is marked by a corresponding change in the pressure conditions. The final
result in the third week of October is to give almost uniform pressure over the Bay
with a very slight tendency to low pressure in the centre of the Bay. These pres-
sure conditions accompany the prevalence of very hght airs and calms over the centre
of the Bay. Westerly winds continue over the south and southeast of the Bay,
whilst northeast winds tend to set in over the northwest angle of the Bay. The
continuance of the damp southwesterly to westerly winds over a part of the Bay
forms one of the conditions necessary for the formation of eycloniec storms or
cyclones and the uniformity of the pressure conditions favours their slow growth
into large and intense cyclones. The weather in the Bay during the month is hence
more variable and treacherous than in any other month of the year., The finest
weather frequently prevails for considerable periods in the north and centre of the
Bay. Ocecasionally, however, the largest and flercest cyclones form and march across

it, giving hurricane winds and a dangerous sea.

Winds are exceedingly variable in the north and centre of the Bay and show no
predominant direction, They usually range hetween 0 and 2 in foree during the fine
weather of the month. To the south of Lat, 12° N. winds are chiefly from southwest
or westsouthwest and average 3 in force over the south of the Bay and 4 to the south

of Ceylon.

The mean temperature of the air in Oectober in the Bay is practically the same as
in September. It averages about 79° in the Andaman Sea and between 80° and
§2° in the Bay. The temperature of the surface water is slightly greater (about 1°)

in the north of the Bay averaging 81°.
The preceding remarks.indicate the general character of the weather in the Bay

during the month,

During the greater part of the month weather is fine with light winds and clear
skies or passing clouds in the north of the Bay. Occasionally weather is disturbed or
stormy due to the influence or passage of a cyclonic storm which has formed in the
centre of the Bay. Weather is hence very variable during the month over the north
of the Bay. There is a marked iendency to the occurrence of very light airs and
calms with cloudy, skowery weather, with prolonged intervals of fine, clear weather in
the centre and north of the Bay. As a rule from one to two storms form in this area
during the month and these storms occasionally give eyclonic weather of the most
violent kind.. Over the south of the Day the southwest winds of the southwest
monsoon continue to blow with more or less regularity. They are usually feeble (not
exceeding force 3) when fine weather prevails, but invariably intensify when squally
o1 stormy weather prevails in the centre of the Bay. Weather is then frequently
pqually in the south of the Bay with heavy cloud and a high swell,
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November—The most important feature of the month is the inereasing weakness
of the southwest monsoon current and winds over the south of the Bay. Pressure
continues to rise in the north and centre of the Bay, and on the mean of the month
pressure is about a twentieth of an inch higher in the north than in the centre of the
Bay. Pressure is usually lowest in a belt stretching across from the Coromandel and
Ceylon coasts to the Nicobars. Northeast winds, light to moderate in force, prevail
fairly steadily throughout the month in the north and greater part of the centre of the
Bay. Light variable unsteady winds, as a rule, obtain in the area of lowest pressure
hetween the Andaman and the Ceylon and south Coromandel coasts, whilst over the
enlrance to the Bay moderate westerly winds generally prevail. The wind foree in
the north and centre of the Buy ranges between 3 and 4, and in the central area of
lowest pressure hetween 25 and 3-2. Over the entrance to the Bay they average 3-0
in force. Fine weather with clear skies generally prevails over the northern half of
the Bay. Weather is frequently showery to squally in the south of the Bay where
the damp westerly winds of the retreating southwest monsoon still blow. Cyclonic
storms, one to two in"a month, tend to form in the belt of variable winds and hence
considerably further south than in October. The conditions are less favourable for
their full and slow development, and hence they do not attain the intensity or extent of
the most severe October cyclones. They, however, invariably give very stormy
weather in the southwest and centre of the Bay, and winds are occasionally of hurri-
cane force near their centres,

Temperature now falls rather rapidly in the north of the Bay and the mean
temperature of the air during the month ranges hetween 75° in the north of the Bay
and 80° near the Ceylon coast.

December.—The month ususlly witnesses the complete and final withdrawal of
the southwest monsoon currents from the south of the Bay. The pressure changes
are the continuation of those of the previous month. Pressure continues to inerease
in the centre and north of the Bay, and on the mean of the month there is a pressure
difference of ahout -15” hetween the head of the Bay and the extreme south, corres-
ponding to the gradient of 3/16 for northerly winds. The area of lowest pressure
shifts southwards and passes out of the Bay into the equatorial belt usually in the
third or fourth week of the month, Steady northeasterly winds prevail during the
month over the north and cenire of the Bay. These winds are comparatively feeble
at the Liead of the Bay (averaging 2-5 in foree), but inerease in strength southwards
to about Lat. 12° No. off the Coromandel coast, where they average 4-0 in force, Windy
are light and very unsteady between the equator and Lat. 6° N., hut show a marked
tendency to northerly directions.

Weather is ustally cloudy, with oeccasional showers or squalls, in the extreme
south of the Bay. Occasionally but much less frequently than in November, cyclonie
storms form in the area of low pressure in the south of the Bay. Sometimes these
storms are imperfectly developed as cyclonice eirveulations, but are remarkable for the
heavy rain and squally weather they give. They almost invariably cross the south
Coromandel coast, or in the case of the imperfectly developed storms, the east Ceylon
coast. They give squally weather with heavy rain, but the winds as a rule do not rise
above force 8 to 9 near their centres.

Temperature falls rapidly during the month in the north of the Bay. It ranges
between a mean of 69° at the head of the Bay and 75° in the 16th parallel of latitude,
and between 75° and 80° between the 16th parallel and the entrance to the Bay,
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CHAPTER IIL—PHENOMENA OF CYOLONIC STORMS,

Preliminary Remarks on Cyclonic Storms.—Iin the present chapter we deal
with the chief objeet of the book, viz., the more importani features and peculiarities
of eyclonie storms 1 the Bay of Bengal, and more especially those features which
can be observed by a sailor and employed as indications to determine the probable
character, position, and track of any eyclonic storm he may encounter when navigat-
ing that sea.

It has been explained in a preceding chapter what is meant by a barometric
deprossion and what by a eyclome ewrculation. We have also stated that in an area
of barometric depression (that is, an area in which the barometer stands lower than
m neighhourmg distriets and gradually rises outward {rom some ceniral position in
all directions), the air moves invariably in a particular direction and manner round
this central position, and that such an air motion is techniecally called a eyclon
circulation. Irequently, the air motion in such a circulation is feeble and winds
light. There is, however, under favourable conditions in the Bay of Bengal, a
marked tendency for a eyclonie circulation when established to become stronger and
more vigorous ; when this is the case, the cyeclonic circulation may gradually develop
into a cyelonic storm. Ail large storms in the Bay of Bemgal are cyclonic circula-
tions : all cyclonic storms are of more or less gradual growth and commence as feeble
circulations. Hence eyclonie circulations in the Bay are of very varying strength or
intensily, as well as of magnitude. Tt is of course not possible to draw hard-and-fasi
lines in such matters. Henee eyclonie ecirculations and eyelonic storms differ in two
elements—extent and mtensity. In the arca covered by a cyelonie storm, the winds
inerease in foree from the outer limit to the centre or the central calm area (if there
be one) : over a portion of this area nearest the centre, winds of forece 7 and 8 ur
wards to 12 may prevail. This inner area forms the storm area of strong to danger-
ous winds. The size, or greatest width, of this area gives a rough measure of the
msgnitude or extent of the storm.

The intensity is best and most casily measured by the depth to which the baro-
meter at the centre falls, The simplest standard of reference is the ordinary or
normal height of the barometer at the time. The difference below this and the
actual height of the barometer at the centre gives a rough practical measure of the
intensity of the storm.

The intensity of eyelonic storms appears to be, to a very considerable extent,
independent of {heir magnitude. Thus, it is not only possible to have a storm of
considerable extent but of very feeble intensity, but it is also possible to have a
storm of small extent, and of great and even extraordinary intensity. The most in-
tense storm in the Bay of Bengal on record is the False Point eyclone of September
1885, in which the barometer at the centre was approximately 23 inchcs lower than
usual at that period of the year. The largest storm, as well as the most intense
gtorm in the Bay was the Backergunge eyclone of October 1876.

"The storm area in the case of the largest and most intense cyclones may be
divided into two portions : an outer and an inner storm area. In the outer storm area,
the barometer falls slowly and to a moderate extent, and the winds are of force rang-
ing from 6 to 9 or 10, the strongest winds being experienced in the squalls, In the
inner storm arvea the barometer falls with excessive rapidity from the outer edge to
the central area (which is in the Bay of Bengal an area of ecalms). The baric
gradients are hencc cxcessively steep, the winds of hurricane force, the shifts of wind
rapid, and the sca very high, confused, and dangerous. The most remarkable featu:e
of this inner storm area is a small central area, usually known as the calm centre,
or hull’s eye of the storm, in which there is little or no wind and cloud, the sun or
stars usually visible through a thin veil of mist, and the sea pyramidal and boiling
like a cauldron. .

The reader should hence remember that in the most vigorous eyclones of the Bay
of Bengal the storm forms only a portion (the inner portion) of a eyclonic circula-
tion. Tn the outer portion of the eyclonic ecirculation, the winds are governed by the
indranght to the storm area, but are of moderate foree, and not of sufficient intensity
to be considered as stormy winds. The inner portion of such a cyclonic cireulation
ineludes :—

(1) The outer storm area in which winds of force 6 to 9 prevail,



(2) The inner storm area in which winds of force 10 to 12 prevail.
(3) The calm central area. o

The ratios of the magnitude of these differ very greatly in different storms.

By far the larger proportion of cyclonic storms which occur in the Bay are of
swmall extent and moderate intensity. In these storms there is no calm ceutre, and
rarely an inner area of hwrricane winds. The weather, sea, and winds in these
«lorms are such as oceur in the outer storm area of the severe and dangerous cyclones
deseribed in the preceding paragraph. Cyclonic storms of sufficient extent and in-
tersity to be dangerous occur in the Bay only during the period that southwest winds
are blowing more or less steadily over the entrance and south of the Bay—that is,
from the beginning or middle of April to the end of December. This period will for
convenience be called the “cyclone season ’’. Cyclonic storms may occur in the Bay
at any time during this period. The character of the storms varies to some exten.
during this period, being dependent on the general weather conditions prevailing at
the time of their origin.

During the months of January and February, steady and moderate northeast
winds and fine clear weather usually prevail in the Bay. These northeast winds of
the northeast monsoon are analogous to the corresponding winds of the northeast
trades In the beginning of March, with the rapid increase of temperature in northern
and central India, local sea-winds commence at the head of the Bay and strengthen.
These winds back down the Bay to some extent in April. During this period of
eradual change from the prevalence of dry land winds in the interior io the sctting
m of the humid winds of the southwest monsoon period (which may be termcd the
May transition period) tle northeast winds m the Bay become feebler and are re-
placed hy light, unsteady, variable winds in the centre of the Bay in April and first
half of May. This continues until the latter part of May or beginning of June
when, after one or two preliminary feehle efforts, the true sonthwest winds of the
southwest monsoon advanee rapidly up the Bay., and shortly afterwards penetrate
into Burma, Bengal, and gradually into upper India.

This change introduces the southwest monsoon winds and rains proper into
Tndia, which last until about the middle or end of September. After thjs the rain-
giving winds retreat and tend to back down the Gangetie plain and the Bay. The
retreat of these winds in the Bay, unlike their advance, is a very slow process and
centinues until about the end of December. Tu consequence of the peculiar conditions
then prevailing in the Bay, the southwest winds still blowing over the south of the
Bay, enrve through south, southeast and east, and thus reach the Coromandel coast
a< northeast damp winds. and give for a period of ahout two months oceasional
mnderate to heavy rainfall to southern India. The commencement of these rains in
O~tober in southern India is usually termed the bezinning of the northeast monsoon,
hnt the rains ough{ veally to be thought of and called “late or retreating southwest
inongoon rains ’’. This period of slow change from the prevalence of the southwest
moncnon over the whole of India to its final retreat from the Bay is, for convenience,
called the October transition period. The division of the year described above is
henee as follows :—-- ’

(a) Northeast monsoon period, from January to March, characterized by fine
weather and absence of evelonic storms in the Bay. '

(b) Mav transition period. extending from the heginning of April to the heein-
nine of June. characterized hv the extension of sonthwest winds in the north
and south of Bay. and terminated hy the general advance and establishment of
the southwest monsoon.

(¢) Southwest monsoon period, from June to Septemher, or neriod of eneral
vain in India with the prevalence of steadv sonthwest winds over the whole of
the Bav, the Arahian Sea, and most parts of Tndia.

(@) October transition period from Oectoher to December. marked hv deeav
and retreat of the southwest enrrent in the Bav, and terminated bv its final dis-
anpearance. l
The experience of manv vears has shown that during the southwest monsoon

veriod proper. ie.. from June to Sentember there is a rapid succession of evelonie
storms of moderate extent and small intencitv. These are the storms of the raine
proper. Tn many cases they form quite close to the coast of the Sunderbuns or
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occasionally in south Bengal, and their only prominent feature which comes to the
notice of sailors is the very strong westerly winds which blow in their southern quad-
rant near the head of the Bay. Hence they are sometimes described as westerly
gales, but it should be remembered that they are in all respects cyclonic storms.

During the May and October transition periods, storms on the whole occur less
frequently than during the rains proper. The majority of the storms of these two
periods are of moderate extent and intensity, but occasionally they develop into storms
of great extent or intensity. A rough calculation, based on experience, shows that
about one out of three cyclonic storms which oceur during these periods, is a fierce
and dangerous cyclone with an inner storm area of hurricane winds and a calm
centre.

There is Lence a very marked distinction between the smaller cyclonic storms, which are
of frequent occurrence during the whole cyclone season, and more especially during
the rains proper, and the intense oyclones which are of very ocecasiona] occurrence
and appear only during the transition periods.

It has already been pointed out that eycloniec storms form gradually, and if
conditions are favourable increase in intensity until {hey become flerce and d4ngerous
storms,

The order of growth of a cyclone is—

(1) Squally weather, with irregular winds.

(2) Squally weather, with cyclonic circulation of moderate intensity.

(3) Intensification of the ecyelonic cirenlation, commeneement of hurricane
winds near the centre, and the development of calm centre.

Character of the weather and sea disturbance in the smaller storms of
the rains proper.-—The character of the smaller ecyelonic storms of the rains has
been to a certain extent already described. Thev may occur al anv time between the
beginning or middle of June and the middle or end of Septemher. The barometer
at the centre is rarely more than two or three-tenths of an inch below the normal
pressure of the period. Judging from the experience of the pa-t twenty years they
very rarely if ever, have a well-marked calm centre. The winds to thc north, north-
west and west of the centre of wind convergence are comparatively feeble. For
example, in the storm of July 1883, when hurricane winds of foree 11 and 12 were
blowing at the Sandheads, over which the centre was slowly driftine. the foree of the
northerly winds at Saugor Island, 50 miles to the north, at the same time, was only
5 to 4. In these small storms strong cyelonic winds are only experienced in the great
majority of cases in the south and east quadrants. Henecr the cvelonic nature of
these storms was for many years overlooked and they were vrecarded simply as
westerly gales. This was of course due to the fact that they formed near the head
of the Bay. and hence, the only marked feature of the storm which came under the
notice of sailors was the strong westerly and southwesterlv winds whieh prevailed in
the centre and north of the Bay during the storm and for some time after ity passage
inland. Thev are, notmthstandmg, true cyclonie storms with a centre of indraught.
exactly as is the case in the eyclones of October and November, ard the same rules
fo: the determination of the centre and line of march applv as in the case of other
eyelonie storms in the Bay. © As the barometric depression at the centre is small and
the storms are of small extent, they are never accompanied hv storm waves, such as
frequently cause in the case of the October cyclones so much destruction of property
and loss of life in the low-lying lands at the head of the Bay.

The chief indication of the formatlon of one of these storms on the Orissa and
southwest Benp:al coasts is the suspension of the ordinary southwest monsoon winds
and the scttmg in of northeast or east winds, and of comparatively fine and dry
weather in the midst of the rainy season.

If a vessel leaves the port of Caleutta and nroceeds down the river during the
months of June. July, Aueust or September, while these unusual conditions prevail,
riz. licht northeast or variable winds with fine, bright, sultrv and comparatively drv
weather. the sailor may be almost certain that there is dirtv weather at the head of
the Bav. It mav be no more than squallv weather, but it mav he a severe storm of
the rains. It should, however. be remembered that as these storms« are «mall. thev
may give rise to more rapid shifts of wind than the larger storms of the Octoher
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period. The wind and sea in the southern and eastern quadrants are ﬁrequently
almost as dangerous and trying as in the larger cyclones of the October period.

Character of winds to the north and west of cyclonic storms in the Bay of
Bengal during storms of the rains proper.—It has been pointed out more than once
that the most important feature in cyclonic storms is the strong southwest moist
winds which feed into them. Hence it becomes important to know the chief features
of the southwest monsoon winds, as il is probable that eyclones may in part at least
depend upon changes in that current. The observations of recent years, both on
land and at sea, prove that the southwest monsoon is much more variable than was formerly
supposed. It is not a steady air-current like the southeast trades in the Indian or
Pacific Ocean. It appears, on the contrary, to go through a series of pulsations.
During the first part of each of these periods it advances in force into the interior
of India and gives general rain for some time. Afterwards it appears to weaken and
backs down the Gangetic Plain, and the strong rain-giving winds in northern India
are replaced for a short time by light unsteady winds. This is followed by another
advance of monsoon rain-giving winds, and so on throughout the whole monsoon sea-
son. These variations of strength and alterations of advance and withdrawal form
the most conspicuous and one of the most important features of the southwest mon-
soon in northern India.

It is found that almost without cxeeption during the rains proper, all the cyclonic
storins that are generated during the period between the 15th of June and 15th of
September form in the intervals between the partial retreats and advances of the
nmonsoon current. They hence appear to commence to form in front of an advancing
rush of moist winds, and, as they march aeross the coast into the interior, they carry
the damp winds and rain with them. They are henee one cause of the very unequal
way in which the rains are frequently distributed during the southwest monsoon in
northern India, as these storms draw the rain awav from other distriets to distribute it
in large amounts over the narrow belt along which they advance. These storms of
the rains, as has been pointed out, are almost invariably of small intensity, as
measured by the barometriec depression, and generally give moderate cyclonic winds,
although ocecasionally (in abhout one storm out of five or six) they are attended with
winds or squalls of hurricane force near the centre at sea.

These facts will enable the character-of the winds in the west quadrant of the
cyclonie storms of the rains proper to be understood. Before they commence to form,
and whilst they are forming, the regular southerlv winds of the season are, to a large
extent. suspended in Bengal and at the head of the Bav. Tight unsteady winds pre-
vail. and the weather is sultry and oppressive. A rush of strong monsoon winds
comumences in the centre of the Bav. drawn or presced forward hv some foree. Squalls
heain ta oceur and inerease in frequency and intensity, and a small whirl (perhaps)
hecins to form. Tf this he the case, the whirl thus started, after some time varyine
verv considerably in length according to eireumstances. advances landwards and
carriessheavy rain with it to the distriets over which it passes. )

It is hence the winds in the southern and eastern quadrants which bring up the
energy that starts and maintains the storm. They are, morcover, the normal winds
of the season, intensified locally by the cyclonic indraught. The winds in the western
quadrant are abnormal winds, with little or no energy, dragged into the storm.

Character of winds to the north and west of cyclonic storms of the transition
periods.—The circumstances are different during the formation of storms in the
May and Oectober transition periods. During these two periods the southwest mon-
soon is not in full possession of the Bay. In the first or May trangition period the
southwest monsoon has not advanced up the Bay. and hot-weather conditions prevail
ir Bengal and at the head of the Bay. In the latter, or October transition period, it
is retreating down the Bay and the (so-called) northeast monsoon is setting in on the
(‘oromandel coast. The character of the winds in these two cases differs slightly at
the head of the Bay immedjately before the advent of a cvclone. It may be preﬁ)ised
that these ecyclones are occasionally very extensive and fierce storms. In the inner
central or storm area the winds are coverned by the evelone onlv, and show that
rotatorv motion. ecombined with indraught to the centre, which is the essential feature
of vanid evelonie air motion. The winds are, however, in all eases influenced more
or less to a very eonsiderable distance away from the inner storm area. If the cyclonic
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storm be at a considerable distance from the placc of observation and the wind that
is slightly influenced by its action or indraught be the normal wind of the season, its
only effeet may be to strengthen that wind, which will henee be apparently normal in
character, but steadier and stronger than usual. Hence it may happen that a wind from
such a direction, which is usually a fair weather wind, may under these econditions
blow directly into a cyclonie storm. This is especially the case in the eyclones of the
months of October and November at the head of the Bay.

If a eyclonie whirl forms at that time in the Bay, il is usually generated in the
centre of the Bay, and advances in some dircelion hetween northeast and west, the
average direetion being northwest. The tendency of sueh a whirl is Lo produce north-
east winds in the northwest quadrant or in the northwest of the Bay, and also to
cause themn to shift round to east if the eyclone takes a northwest or west track.

Henee the effect of the distant cyeclone is generally (i.e., in at least two cases out
of three) to strengthen the northeast winds and to give them a tendeney to veer to east,
and also to inerease their steadiness, and so long as the centre is at a considerable
distance, the weather is fine and bright, and atmosphere frequently unusually clear.
Henece it may be that when these winds are apparently most favourable for a ship
cutward hound from the Hooghly and the weather also even finer looking than usual,
they are really feeding into a eyelonie storm farther south.

They are in this ease exceptionally trecherous and dangerous as they may earry
a ship southwards in front of an advaneing c¢yclone, where she would not have sufficient
sea-room to he ahle to manmcuvre and escape from the inner storm area.

Tt will thus be xeen that northeast winds at the head of the Bay, and more
especially in the northwest angle of the Bay, during the months of Oectober and Novem-
ber, may indicate entirely different weather conditions. Thev may be—

1st.—Merely the normal winds of the season and accompany fine clear weather
in the north of the Bay and in Benaal, and either fine weather or squally weather
with rain in the south of the Bay, more espeeially in the neighbourhood of the

Coromandel coast. In this ease they are generally light, and shift through two

or three points during the day in consequence of {he heating of the land by dav

and its cooling hy night.

2nd.—Tf these mortheast winds are stronger and steadier than usual thig may be
due to one of the two following eauses :—

(a) A stronger northeast monsoon than usual on the Coromandel coast and in
southern India. Tn this ease weather is nsuallv showery with mueh rain and
strong winds in the Carnatie, and squallv in the Day of Bengal off the Coromandel
coast. During such a period pressure is frequently unnsually high in northern
Tndia. and fine, elear weather with moderate west or northwest winds prevails in
Bengal and the Gangetie plain. .

(h) The formation and existence of a eyeclonie storm in the centre or south
of the Bay. Tn this case the weather is generally unusually fine and the air
remarkably eclear. :

General characler of bharometric changes dvrirg storms in the Bav of Bensal —
Small harometrie changes are the 1ule in the Ray of Bengal, and large changes are, not
cnly the exception, hut are very rare indeed ; the small changes which accompany
stormy weather in the Bay take place nsually at a slower rate than the regular motions,
For a fall of two-tenths of an inch in 24 hours at a aiven place is of very oceasional
and rare oceurrence, whilst the total fall and rice due to the diurnal tides on the average
eveeeds a tenth of an inch in each of the six-hourly intervals between maximum and
minimum. Henee it is that they are so rarelv ohsenred or obliterated by the changes
due to cvelonie storms. Consequently. dne allowanee mnst be first made for these
regnlar chanees, if we wish to ascertain what the irrezular changes are—which are the
anly part that we are concerned with in determining the prohable weather.

Bauks of clovds.- -When a evelonic storm has formed. lopoe mas<es of sir are
carried rapidly upwards in the body of the evelone or over a considerable portion of
the inner storm area. The agueons vopour with whieh it is Taden is in part econdensed
rapidly. Hnee nimbus, pallinm or rain clonds are formed from which rain is poured
down in torrents. Hence, over the central area there is g permanent dense black mass
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of clouds whieh moves with, and is a part of, the cyclone. The permanent state is,
of course, one of appearance or passage only. The air, as it rises up and passes
through the cloud-charged space, has a portion of its aqueous vapour condensed, and
thus contributes or adds to the mass of the cloud, whilst at the same time the cloud is
continually losing a portion of its mass by the rainfall. The cloudmass is hence in a
state of constant growth and decay. Its appearance at a distance is that of a huge
bauk of clouds resting on the horizon, which retains its form unchanged for hours. It
is usually most conspicuous about sunrise and sunset. If a ship should travel at about
the same rate as the cyclone, this huge bank of clouds may be observed for several days
in succession. As also much electric action goes on in the body of a eyclone, more
especially in these quadrants (viz., the eastern and northern), where the air is chiefly
heng carried upwards. At night the lightning is visible at immense distances. If, as
is frequently the case, it may be seen by reflection from higher clouds, caleulation in-
dicates that the reflection of the lighining might be seen in this way at distances of
from 300 to 400 miles under very favourable circumstaneces, and at distances of 50 to
100 miles under ordinary circumstances, such as are likely to occur in any storm.
lience, the appearance of a dense bank of clouds on the horizon which retains its shape
for hours practically unchanged, and in which (especially at night) frequent electric
action or lightning is seen, is an almost cerlam indication of a distant cyclonie storm.
The indication is even more valuable if the same appearance be observed on two or three
nightg in succession. It is therefore an indication of considerable importance, and is
frequently the first marked sign of the distant formation and approach of a cyclonic
storm.

Occurrence of squalls beforc and during cyclonic storms.—It should be kept
carefully 1n view by mariners in the Bay of Bengal that the formation of a cyclonic
storm is a gradual proeess, and that it is only when the disturbange has passed beyond
the initial stages that it becomes a storm in the proper sense of the word. The forma-
tion of a large storm is due to the prolonged continuance of actions, processes and
changes of the rame hind as those that are oecurring in the atmosphere at all {imes when
rain is falling and strongish humid winds are blowing. Whatever the causes and origin of
cyelones may be, the history of all ¢yclones in the Bay shows that they are invariably
preceded for longer or shorter periods by unscttled squally weather, and that during
this period the air over a considerable portion of the Bay is gradually given a rapid
rotatory motion about a definite eentre. During the preliminary period of change from
slightly unsettled and threatening weather to  the formation of a storm more or less
dangerous to shipping, one of the most imporiant and striking points is the inerease in
the number and strength of the squalls which are an invariable feature in eyclonie
storms from the very earliest stages. Iirst of all; the squalls are comparatively light
mdd are sepavaied by longish intervals of fine weather and light, variable or steady winds,
according to the time of the ycar. They hecome more frequent and come down more
ficreely and strongly with the gradual dcvelopment of the storm, The area of wun-
seitled and squally weather also extonds in all directions, and usually most slowly to
the north and west. If the unseitled weather advances beyond this stage (which it
doges not neeessarily do) it is shown most clearly by the wind directiong over the area
of squalls. The winds always settle down into those which invariably oceur over an
arca of barometric depression or cyclonic circulation, or, in other words, are changed
mto the eyclonic winds of indraught to a central area of low barometer and heavy
rain. As soon as the wind directions indicate that a definite centre of wind con-
vergence has been formed in the Bay, it is also found that the centre never remains in
the same position for any considerable interval of time, but that it moves or advances
in some direction hetween northeast and west with velocities which not only differ very
considerably in different storms, but also at different stages of the same gtorm.

This preliminary period of unsettled squally weather may extend over several
days, or may last only a few hours. It is of course impossible to determine exactly the
hour at which the change from the antecedent disturbed squally weather to the eyelonic
storm takes place.

Hence the chief feature of this antecedent period or first stage in the formation
of cyclonic storms in the Bay of Benmgal is squally weather. In those parts of the
Bay where southwesterly or southerly winds are blowing, the winds are
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generally strong, varying in force from 3 to 6 or 7. These winds become the winds
which prevail in the southern and castern quadrants of the cyclone, if the squally
weather developes into a cyclone. In another portion of the Bay during the forma-
tion of a cyclone (always to the north or west of the area of strong southerly winds)
is an area of light and variable winds (sometimes shifting in a few hours all round
the compass) or of calms. But whatever the direction or character of the wind in any
portion of the Bay may be, if a cyclonic storm originates and forms over it, the
oceurrence of occasional rain-squalls is the first indication of the commencement of
disturbed atmospheric conditions, or the threatening weather which may under favour-
able eonditions develop into a cyclonie storm. These squalls are at first of short
duration and comparatively feeble, but if they increase rapidly in frequency
and intensity, they are an almost certain indication of the commencement, or of the
existence of a cyclonie storm, and they become more and more prominent and more
trequent and severe during the birth and growth of the cyclonic storm. It should,
however, be caretully noted that squalls more or less severe occur under several sets
of conditions in the Bay, and it is hence desirable to discriminate between these. This
is the more necessary m order that 1t may be tully realized that whilst squally weather
is a mecessary amtecedent in time to the commencement of a cyclomic storm, squally
weather 18 not necessarily followed by a cyclowic storm.

Squalls of brief duration, lasting from a few minutes to one or more hours, may
pass over vessels navigating the Bay due to a variety of causes. They appear fo
oceur chietly under three different sets of circumstances, and hence may be divided into
three different kinds described in the following paragraphs.

1st.—8qualls which usually originate in Bengal or Orissa near the sea coast during
the hot weather months of March, April, and May.—They generally oceur in the
afternoon or evening after the day sea winds have been blowing across the 'sea coast
for some hours. Many of them appear to begin over the hills in Orissa, west Bengal,
and east Bengal. In all cases when they occur in south Bengal, eclouds appear to
gather in the north or northwest quarter, and gradually aequire the black, dense
appearance and rounded mushroom-shape characteristic of thunder-clouds. The rapid
and irregular motion of these clouds, the manner in which portions of the clouds appear
to be torn off from the rest, the large electrical action shown by the almost continuous
thunder and lightning which frequently accompany them, and the occasional occurrence
of hail, and other features all indicate very considerable atmospheric disturbance, which
is, however, usually confined to a very small area. The disturbance apparently gathers
foree for some time, and then rushes down as if from a higher altitude, giving violent
winds along its path, and is attended with much thunder and lightning, and frequently
with heavy rain or hail. The wind veers considerably during the passage of these
squalls, As they generally come down from the morthwest quarter in Bengal they are
usually termed nor'westers. These squalls appear to be of comparatively brief existence
and to die away even more rapidly than they are formed. If they pass from the land
to sea, they are then comparatively feeble and disappear at a short distance from the
sea coast. They are hence chiefly felt in the neighbourhood of the Bengal and Orissa
coasts in the months of April and May. They are occasionally very violent in the
River Hooghly and the marier should hence be on his guard in these months, especially
as the first rush of the winds which accompanies them is usually very sudden, and the
foree of the winds is sometimes very great, nearly as great as in the severest cyclones.
In a nor’wester which passed over Caleutta in May 1883, the velocity of the wind, as
indicated by an anemometer on the roof of the Meteorological Office, exceeded 100 miles
per hour in the severest gusts of the squalls. Carriages were overturned, trees blown
down, and some of the ships in the river were damaged. One steamer at least was obliged
to remain a day later in port in order to repair the damages caused by the storm.

An examination of the whole of the information contgined in the logs of the
vessels sent in to the Metcorological Office shows that they are by no means uncommon
near the Sandheads and at the entrance of the river. They are, so far as can be judged
from the information in the Meteorological Office, rarely felt to the south of Lat. 20°
N,, and then only in the immediate neighbourhood of the Arakan and Orissa and Madras
coasts. At the Sandheads they occasionally come down very fiercely and raise a very
rough and nasty sea. Hence it is always advisable that mariners proceeding down the
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Tlooghly in the months of April and May, when they see a dense hunk of clouds in the
novthwest quarter, such as is usually indicative of the probable approach of
one of these squalls, should prepare for a severe squall. This, it has already been
pointed out, is very advisable, because these squalls always come down very suddenly,
and ihe first rush of these storms is sometimes exceedingly severe.

ond.—Isolated squalls during the Southwest monsoon.—Whenever a moist air-
current is blowing, there is always a tendency to the formation and occurrence of rain-
squalls. This tendency is apparently very much inereased if the moist air-current
meets with any sudden obstruction, or if it advanees towards another air-current
which differs mueh in temperature, humidity or other characteristic features. Hence,
in front of the advaneing southwest monsoon up the Bay in the months of May and
June there arve always frequent rain-squalls. These squalls appear to be very frequent
in the neighbourhood of Ceylon just before the southwest monsoon current enters the
Bay in May.

The first advance of monsoon winds over the south and centre of the Bay apparently
resembles to some extent the sudden advance of a rapidly moving fluid mass into an
mert mass, and there is much irregular and whirling motion. This shows itself by the
trequent oceurrence of squalls. During the prevalence of the southwest monsoon the
winds blow intermittently, that is strongly for some days, and then fall off in strength.
I'ach advarce is simiar m character to the first great burst of the monsoon i May o
June. It is a rush of strong winds over an area previously occupied by feeble winds,
and is attended with more or less squally weather. Henece, squalls are of frequent
oceurrence over the Bay al the commencement of the monsoon, and over the north of
the Bay during the whole monsoon period from May or June to October. As already
pointed out, the air current which gives rise to these squalls is a damp humid current,
bringing up vast quantities of aqueous vapour, and hence having a vast store of energy.
Ii this energy be released and set free rapidly, the squally weather, which indicates
slight atmospherie disturbance, may gather strength and grow into a large cyclonic
storm.

The neighbourhood of the west Pegu and south Arakan coast appear to be very
liable to rain-squalls during the height of the monsoon. These are evidently due to the
obstructive action of the Arakan hills, which are from 1,000 to 4,000 feet in height, and
which divert the direction of the monsoon current from S.W. to S. and S.E.

The neighbourhood of the Madras coast also appears to be subject to these squalls
during the southwest monsoon months, July to September. The southwest monsoon
winds which blow across the Bombay coast are forced up across the Western Ghats,
during which they give up a considerable portian of their moisture, and thence proceed
across the Decean as comparatively dry winds. The wind direetions of the Decean
stations indicate that the current advances eastward aeross the Peninsula, and nearly
at right angles to the current up the Bay of Bengal. Its velocity is considerable,
nearly as great as that of the Bay of Bengal current. Much irregular motion and
getion occur near the meeting ground of these two aerial currents, just as is the ease
where two large vivers meet when, as is well known, there is mueh irregular und whirling
motion, acecompanied by up-rushes and down-rushes of small portions of the water.
Hence, during the rains proper, rain-squalls are of occasional occurrence along and near
the west coast of the Bay. This action is, as might be expected, most frequent near the
head of the Bay. This interference of the Bombay branch of the monsoon eurrent un-
doubtedly gives rise to frequent squalls in that part of the Bay, and it is probably in
part due to this that small eyclonic storms occur so frequently during the months June
to September,

3rd.—Sgqualls during cyclonic storms.—An interesting point in connection with the
oceurrence of squalls in eyclonic storms and eyclones is their distribution with respect
to the different quadrants of the storm. It is a point on which it is not easy to obtain
very satisfactory information. An examination of the records iin the Meteorological

Office of the weather in the Bay of Bengal during the six years 1882-87 gives the data
tabulated below.

The eyclonic area is divided into four quadrants, viz., northeast, southeast, south-
west and northwest, and the number of different occasions on which severe to intense
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gqualls were observed in each of these quadrants during cyclonic storms or cyclones in
the period 1882-87 is given in the columns of the following table :—

Number of occasions on which severe to intense squalls
were noted by different vessels in cyclonie
storms.

1
l
[
!
| - - —
[
!
|
|

N. E. S. E. l S.W. N. W.
Quad- Quad- Quad- Quad- Total
' rant. rant. rant. rant.
Months of May, Junc, July, August, and 9 19 18 "3 49
September. ’ S, SUETES
Months of October and November .. [ 18 18 12 14 o7

The resulls ave very interesting, and, although not pretenamg to exuaciness, probably
give a rough upproximation to the law of distribution. They show first that in Lhe
storms of the rains heavy squalls are far mora frequent in the southeast and southwest
quadrants than in ihe northeast and northwest quadrants, and that they are of rare
oceurrence in the northwest quadrant.

In the cyclones of October and November they occur with nearly the sawe frequency
in all quadrants, but with a slight tendency to greater frequency in the northeast than
in the other three quadrants. The table also indicates thal severe to hurricane squalls
oceur more frequently during the two-monthly period of October and November than
during the five-monthly period extending from May to September. )

The eye of the storm.—One of the most remarkable features of the more severe
eyclones of the tropies is the area of very light winds, or absolute calm in the centre of
the storm. Over this area the torrential rain of the hurriczne eeases, and the cloud-
frequently break away, showing blue sky; with the sun or the moon and  stars. On
aceount of its peculiay clearness this spot hus received the name ¢ the eve of the storm.”

The eye of the storm is a ealm area varying very largely in  diameter, but rarely
exceeding 15 to 20 miles in diameter, characteristic oniy of the most violent class of
tropical cyclones. Immediately outside this central area of these eyclones the wind is
indeseribably furious and the rain falls in torrents. The {ransition from the hurrieane
winds immediately outside the central ealm arca to the ealm area is nsually very sharp,
the passage as a rule being a matter of a few minutes only. The eve is sometimes an
arca of light breezes, hut more eommonly of absolute calm, without rain, and oflen
with blue sky. The eross sea, however, is very violent and dangerous. Birds and
somectimes butterflies have been found in the centre, usually in an exhausted state.

The contral ealm is most characteristic of tropieal cyelones. Tt has seldom been
reported from eyelones originating in temperate latitudes. Cyclones originating within
the tropies may, however, méve poleward mto the temperate zones carrying their
characteristic centre with them.

As the storm centre moves towards the observer, the wind is steady in direction,
blowing nemlv at right angles to the path of the storm. There is 2 heavy rain, usually
accompanied by lightning and thunder. Just before the passage of. the cc_ntra] ca]rq the
hurricane is at its height. Captains of vessels report the wind as indeseribably furious.
Fverything on deck the wind can reach is blown to pieces. In several instances the boat
at the weather davits has been torn from strong fastenings and carried eclear’ over the
ship. In short. we have reports of winds as scvere as any vessel ooul'd live through ’;.
and beyond that we ean only conjecture, from the great number of ships “last seen
near the storm centre, how much more violent the hurricane may be.

Tn the majority of cases reported the ship passes almost instantaneously from the
most frightfnl hurricane into absolute ecalm. Oceasionally, however, after the first
abrupt lull, the wind dies away gradually, so that it may be ten minutes or more before

there is a perfect calm.
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The calm is usually deseribed as complete, making all allowance for effect of the
contrast with the preceding gale, and there seems no reason to suppose that, in most
cases, there is any appreciable motion of the air.

In some cases therc was a thick haze during the calm. The clearing of the sky
overhead, either wholly or partially, is one of the most marked features of the centre.
'The heavy rain of the hurricane ceases, and the sky clears either to pale blue sky with
the sun or stars visible, or to a haze.

Distribution of cyclones according to season.—The next important subjeet to be
dealt with is the origin and line of march of eyelones in the Bay of Bengal as determined
by the season.

In the first place theory suggests, and experience confirms, the prineiple thati eyelonie
storms do not form over or near the equator. Squally weather with strongish gusts of
wind during the squalls is by no means unusual, but these squalls never form part of a
evelonie cirealation or whirl. All experienee shews that they are only breaks or inter-
ruptions of comparatively brief duration in the ovdinary weather of {he season, and
that they do not form part of a large and rapid eddying motion of the air, such as
constitutes a eyclone. There is no record of a storm having formed to the south of Lat.
6° N., and it may be accepled as a general principle that ihe lowest lotitude in the Bay
at which cyclonic storms are formed or met with is Lat. 6° N.

The continued accumulation of eyclone reeords shews that the ong fealure which
appears to he absolutely essential to the formation of a large eyclonic whirl or revolving
storm in the Bay is an inrush of moist southerly winds. Such inrushes take place
oceasionally before the permanent setting in of the southwest monsoon. Henee eyelonie
storms may occur at any time during the period when the southwest monsoon eurrent
blows steadily. and also during the period in which brief advances of southwest winds
may oceur over the south or the whole of the Bay at {he commencement of the southwest
monsoon, and hence at any time during the period April {o December. They are rare in
the limiting months April and December. Hence it may be assumed that storms may
occur at any time during the period May lo November, and occasionally also in April
and December.

Another equally important generalisation is that the majority of the storms that
oceur in the Bay are gencrated in the Bay. There is not a single example on record
of a cycloniec storm having formed in the Arabian Sea and passed aeross Tndia into
the Bay of Bengal. On the contrary several storms which originated in the Bay have
pussed across India into the Arabian Sea and re-developed into storms there.  Such
instanees oceur mostly in the retreating monsoon months of October and November.
Similarly some of the typhoons which develop in the China Scas have ¢rossed the Indo-
Chinese Peninsula and entercd the Bay of Bengal from the east. Mox, of them heeome
very weak while passing over land, but re-develop into storms in the Bay under favour-
able conditions ; a few which pass aeross the narrow land strip of Tenasserim enter the
Bayeas full fledged storms. Approximately only ahout 12 out of 100 of the eyelonie
storms in the Bay have had such a far castern origin,

. Hence nearly 90 per cent. of the eyclonis storms in the Bay of Bengal originate
or are produced in the Bay itself.*

The Bay of Bengal has thus the peculiar advantage of being on the whole a small
meteorological area, whose geographical position and [eaturcs constitute it into mostlv
a sclf contained area in this respect. It is thus of special interest as the process of
storm generation on either the large or small scale may be observed in it from the very
earliest stages.

T: may be laid down as a rule that cyclones or cyclonic storms can originate in,
or advance over, any part of the Bay to the north of Lat. 6° N. near the coast or in the
cenire of the Bay or the Gulf of Martaban during the months of April to Deoem.ber..

There is a belief that the area to the west of the Andamans possesses certain
peculiarities which favour the origin of ficrce eyclones. This opinion is so widely
spread that it is in newspapers, ete., frequently referred to as the birthplace of cyclones
in the Bay. The only special feature is that this area is near the centre of the sea or
water-surface comprising the Gulf of Martaban and the Bay of Bengal. Cyelones
forming near the Andamans have hence a longer path before they reach land than if

*The figures given by Elio¥ for the percentage of storms with far enstern origin have been modified in the
light of later knowledge.
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they originated nearer to the coast, and hence, if the conditions are favourable, are
more likely 1o develop into large and dungerous eyclones. This appears to be the main
reason why the eyclones that form in that part of the hay are larger and more intense
than those formed near the head of the Buy, and are on the whole the most violent of all
slorms experieneed in the Bay.

Experience shews that cyclonie storms and eyelones  (more especially the latter)
nsually merease in intensity as they approach the coast, sud that the lowest pressures
are recorded in the ealm centre shortly hefore reaching land. lcnce the danger of being
eaught in a eyclone near the coast is inereased by the exeeptional strength of the storm
wheyr upproaching it.  The dangerous quadrant in eyelonie -torm- is the right advane-
iing quadrant, and hence in the great majory of storms in the Bay of Bengal, it is the
northwestern or northeastern guadrant,

The following paragraphs give a full statement of what is Xnoan of the distribution
of cyelonie sformns in the Bay of Bengal during the eyeione s#ason, Apiil to November.,

April.—It has already been pointed out that cyeclonie storms never oceur in the
Buy unless humid southwest winds) d.e., the winds of the southwest monsoon) are
blowmg over the south of the Bay at least. These winds do not <e{ in permanently
until the middle or end of May, but previously to that date, southwest winds oecasion-
ally advance northwards for a brief period across the entranee of the Bay as far north
as the Tenasserim coast and the sonth or centre of the Bay and then retreat again.
Tkese occasional bursts of southwest winds may oceur at any time during the month
of April, but are most probable in the laiter part of the month. Sometimes these
advanees, if imusually powerful, give rise to evelonie ~storms The storms of  April
and also of the first fortnight of May, which form under similar conditions, to those
of April (ie.. during partial or irregular advanees of the soulhwest winds over the
south of the Bay) usually originate to the west or westnorthwest of the Nicobars, and
advance in a westnorthwest direction to the Madras coast.  Cuyclonic storms are of
comparatively rare occurrence in the Bay of Bengdl in Amil, the average  frequemeys
being once in three or four years. They form i the soulheast of the Bay or the
Andaman Sea. Those which originate in the Andaman Sea march northward to the
Pegu coast. Those which form in the Bay proper aie aenerated to the west of the
Nicobars or -Andamans, and generally more first worthwards and then recurve in 4
noriheasterly direction towards the Arakan coast.

Muy—This month not only witnesses oceensionul irruplions of sonthwest humid
winds over the south of tha Bay, but also in normal yvears the permanent advance of
the great monsoon eurrent into the Bay which usually  occurs towards the end of the
month. [fenee eyelonie storins are a charvaeteristic feature of the weather of the month,
and are oceasionally of exeeptional strength and violence. 1f thev form in the first
fortnight, they are almost invariably due {o a {emporarv advanee of these winds, and
henee originate in the south of the Bav or the Andaman Sea  Tn the former case they
usnally march 1 a westnorthwest direetion to the Coromandel Coast or hv a eurved track
to the Arnkan Coast. TIf they are generaled during the «reat advanee of the monsoon
eurrent in the Intter half of the month, they generally formn in the centre of the Bay,
and advanee in some northerly direction towards the coast of Bengal or Orissa.

Cyclonic storms are of comparatively frequent occurrence m lke Bay during May .
(about two in every three years). They nsnallu travel in a mortherly direction towards
the head of the Bay and ricurve to the northeast m the luter stages of thew journey.
A few thai form off the Coromandel coast travel westuard: to that coast. There is
about an even chance that a storm forming in this month wil! be of great intensity (i.e.,
a eyelone).

June—The southwest monsoon is usually established early in the month over the
whole of the Bay. This fact at oneo suggests that the eyelome storms of the month
in the Bay generally form near the head of the Bay.

t'yclonic storms are of frequent occurrence in the north of the Bay in June. They
wenally form to the north of latitude 19° N. Oue or two such storms may be erpected
every year. Tt is an even chance whether a cyc_'lmm slorm uh_uh has formed m'tlm
Bay i» June will pass in some northerly direction into Bengal or in some westerly direc-
tion across Orissa. The chiel feature of the June eyclonic storms is the strong westerly
or southwesterly winds or gales in their southern quadranls.

July—During this month the two muonscon currents, thg I!fngnl and  DBombay
currents, blow most steadily and strongly. Cyclonie storms are of frequent oceurrence



32

in the Bay, but are generally of feeble strength. They form mostly to the north of
Lat. 19° N., and march mn a westnorthwesterly direction across the Orissa coast.

Storms occasionally originate in Bengal itself, generally in east Bengal. As they
form under like conditions, they wmarch in the same general westerly direction. The
cluef feature in these land-lormed storms, as in the corresponding seca-formed storms,
is the strong westerly and southwesterly winds which prevail in their southern apd
eastern quadrants,

In July storms only occur in the north of the Bay. They are of comparatively
frequent occurrence, an averuge of two or three occurring in every year. Their centres
usually march in west or westnorthwest directions across the northwest angle of the Bay
to the coast between Saugor Island and Gopalpur. The chances that a storm im this
m-nth will march in that direction are at least 10 to 1. They are frequently feedble, but
in about one case out of two or three they give rise to strong westerly and southwesterly,
gules at the head of the Bay, in which the force of the winds exceeds 8,

August.—The southwest monsoon blows somewhat less steadily in August thap in
July, although the mean force of the winds is the same (viz., 4-1). The winds are of
greatest average force (5-4) in the area between 88° and 92° east meridians and 12° and
16° north parallels of lalitude, or in the centre of the Bay.

Cyclonic storms are almost of as frequemt occurrence in August as in July. Five
vut of every six form to the north of Lat, 19°. The chief feature of the storm of
August, as in July, is strong westerly and southwesterly gales at the head of the Bay,
und the shift of wind is rarvely large enough to indicate their cyclonic character pzcept
i the northwest angle of the Bay. The storms of the month occasionally advance north-
wards ueross the Bengul coast, but most frequently in west or westnorthwest directions
across the Orissa or Ganjam Coast. The chances, based on previous ewvperience, that
« storm which forms in the month will advance in a westerly or westnorthwesterly direc-
tion are four to one.

Neptember—~—The southwest monsoon blows less strongly and steadily over the Bay
than in the preceding three months. 1t usually retreats from the greater part of upper
India (including the Punjah, Rajputana, Central 1ndia and the United Provinees)
diming the third or fourth week of the month. Henee it does not extend, on the average,
«o far northwards as in the preceding monthg of July and August.

Cyclonic storms we ds frequent in the Bay during September as in July and
Lugust, an average of two occurring cvery year. These cyclonic storms however, as «
rule, form further sowth than in the previous two months, but usually to the north of
latitude 16° N. The chances are four to one that the cenlre of a storm which forms ¢u
September will advance in a westerly direction to the northwest coast of the Bay bejween
Balasore und Cocanada. About one storm out of five advances in a northerly direction snto
Bengal. The great majority of these storms are of small iniensity and resemble the
storms of July and August in general character, and in the sirength of the westerly and
southwesterly winds in the south and east quadrants (as compared with the northeasterly
and northerly winds in the north and west quadrants). Under exceptional conditiens,
the chief of which appears to be the earher retreat of the southwest monsoon than usual
from northern India, these storms occasionaily are of great intensity and violence, and
accompanied with hurricane winds. Hence cyclones are of occasional occurrence in
September (and are most probable in the last fortnight). They form in the cemtre of
the Bay, and the chances are about even that when such a storm has formed in the Bay
in September, it will advance in a northwest direction to the west\Bengal or Orissa coass
or in a westerly direction to the coast of the Circars.

October—The southwest monsvon begins to retreat down the Bay in this month.
In normal years, during the second or third week of the month, the w'ind direction re-
curves in the centre of the Bay through south, southeast and east, and arrives on the Coro-
mandel coast as a northeast current giving northeast winds and frequent showers to
the Coromandel coast districts. The reversion of the southwest monsoon durrent, and
the consequent commencement of heavy rain with strong northeast winds in Madras,
are usnally regarded as the setting in of the northeast monsoon on the Coromandel
coast. Hence, after this change occurs, northeast winds prevail more or less gemerally
in the north and west of the Bay, and southwest winds in the south of the Bay.
Between these areas there is an intermediate belt in which the winds are more or
variable and unsteady. In the distriet of predominant northeast winds the average
vind force is 2-1, in the area of variable winds it is 2-8, and in the area of sopthwesy
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‘winds it is 3:0. 1t will thus be seen that the conditions in the Bay during the month
are very different from those of the preveding three months, and that the prevailing
wind directions shew a genera] tendency towards cyclonic motion about an area in the
centre of the Bay to the west of the Andamans.

In consequence of this disposition of winds there is a marked tendency for cyclonic
storms to form in the centre of the Bay furthest from land. There is hence a strong
tendency for storms which form at this time to inerease and become dangerous and
extensive cyclones before they reach land.

The distribution of storms u: the month of October is very irregular, and it is for
this reason, as well as on account of the occasional great intensity of the storms, that
October is on the whole the most dangerous and treacherous month of the year in the
Bay. .

Cyclonic storms occur slightly less frequently in the Bay in October than during

any of the three preceding months. They rarely, if ever, form to the north of lat. 20°N.
in the Buy of Bengul. They may originate wn any other part of the Bay, but form
“most frequently in the cenire of the Bay between the Andamans and the coast of the
Circars and the north Coromandel coast or in the West Andaman Sea. If a storm forms
in this month, the chances are probably about onme to two that it will develop into a
"secere cyclone. The chances are about even that a storm gemerated im this month will
advahce westwards to the coast of the Circars, and if it does so, the chances are also
about even that it is a feeble or a severe storm, or in other words a cycionic storm or a
cyclone. The chances are about one to three that if a storm forms in this month it will
advance morthwards to Bengal or Onissa, and if it does, the chances that it will be a
severe cyclonic storm or a cyclone are about even. The chances that if a storm forms
it will advance to the Madras coust south of Vizagapatam are also about one to two, but
it if does, the chances that it will be a severe storm are probably about edven.

November.—The general conditions in the Bay during this month are on the whole
similar to those of the preceding month. The southwest monsoon winds retreat and
cover a smaller area in the south and centre of the Bay than in October. The monsoon
current recurves as 1n October, and continues to advance as a current giving northeast
damp winds and much rain to the Coromandel coast distriets. Northeast winds extend
over the whole of the north of the Bay and are of average force 3:4, while the mean
strength of the southwest winds in the south of the Bay is barely 3:0. The average
strength of the winds in the intermediate belt of variable winds is practically the same
as that of the southwest winds. Hence the conditions of the month indicate that storms
will occur similar in character to those of the month of October but that they will
probably form less frequently, and on the average further to the south, than in the pre-
eeding month.

Cyclones may form in any part of the Bay and Andamans Sea to the south of
latitude 16°N. in the month of November. Ome to two storm may be expected every
year in this month. The chances that a storm in November will be a cyclone are about
two to one. If a storm forms, the chances that it will advance to the Coromandel coast
are even. About one storm out of four that form aduances to the coast of east Bengal
or of Arakan. The part of the Bay which is most free from cyclonic storms in this
month is the northwest angle of the Bay and tha coast from Saugor Island to Vizaga-
vatam. On the other hand the nmortheast coast of the Bay is liable to cyclones in this

wmonth.

December—The southwest monsoon generally covers only the more southerly portion
of the Bay during the early part of December, and usually withdraws from it in the
third week of the month. This retreat is due to increasing weakness in the current.
Hence, although in the very limited extent over which it prevails and in some other
conditions it resembles the ecorresponding conditions of the month of May, the air
motion in the south of the Bay in December is marked by great gemeral feebleness, as
compared with that of May, and hence differs entirely in the important feature of
strength.

Storms are of comparatively rare occurrence in the month of December. They form
é5 the south or southwest of the Bay of Bengal between the Ceylon coast and the Andu-
mans and very rarely in the Andaman Sea. The chances are about even that if a storm
oceur in this month it will be a violent cyclone.. The chances are three to one that a
sto#m which forms in this month will advance in a westnorthwest direction to the Coro-
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mandel coast south of Madras ; a few storms have advanced northwards to the Arékdn
or Chitlagong coasts. Hence they are chiefly dangerous in the south-west of the Bay. -

Barometric Indications.—These have already been discussed from a general stand.
point in the preceding chapter. All that is now necessary is to summarize the facts
and principles so far as they bear directly on the determination of the existence and
character of cyeclonic storms. R

The movement of the barometer in the Bay of Bengal is, in ordinary weather,  very
regular, and is confined within narrow limits. In fine weather the most noticeable an
impuortant change is the regular up and down movement (occurring twice a day) known
as the diurnal oscillation or the daily barometric tides.

When a cyclonic storm or cyelone is forming or has formed and is advaneing over
the Bay, it is usually merely the inner part of an extensive area of barometric depres-
sion and of cyclonie circulation.

If the storm be a small one, or what is termed a cyclonic storm, the depression or
fall of the barometer below its normal height for the period is never large. It increases
in amount from the outskirts of the depression to the centre of the storm, but even
there it does not exceed two or three-tenths of an inch in the great majority of the
smaller cyclonic storms in the Bay.

If the storm be a flerce and extensive cyclone, it consists, as has been already pointed
out, of— o
1st.—An outer storm area.
2nd.—An inner storm area.
3rd—A calm central area. .

In the outer storm area the barometer does not fall more than four or five-tenths
helow. the normal height of the season. The inner storm area is one of comparatively
small diameter, in which the barometer falls with excessive rapidity wuntil the ealm
centre is reached. The barometer, it is believed, stands al nearly the same height over
the whole central calm area at the same instant, but varies with the changes in the
intensity of the storm. :

If the reduced barometer reading is at any time during the cyclone season,” Aprid
to November, a tenth of an inch below that normal to the time, the probabilities are twn
to one that a cyclonic storm has formed in the Bay : if -15 in. below it. the probabilities
are at least three to one ; and if two-tenths of an inch below, it is practically certain that
a cyclonic storm has formed.

In this manner, whilst he is quite in the outskirts of a evclonic storm his barometer
may strengthen and confirm the infercnce derived from the anpearance of the sky and,
weather, the oceurrence of squalls, etc., of the formation or existence of a cyclonie storm
in his neighbourhood.

Another rule or principle, but one less simple in its application than the previous,
is the following :—

. If the barometer at or near the same place (or if proper allowance be made for
cihange of place) falls a tenth of an inch in 24 hours in any part of the Bay, the chances
are about 2 to 1 that a storm iz forming in the meighbourhood of the place, or s
approaching the place ; if it falls +15 in. in 24 hours. the chances are about 4 to 1 that
a cyclonic storm or cyclone is forming or approaching ; and if it falls two-tenths of an
inch or upwards in 24 hours, it is almost practically certain a cyclonic storm is approach-
mg the place.

Whilst a storm is forming, the harometer is frequently unusually high and steady
Feyond the outskirts of the ineipient eyelonie storm. The same conditions of a high and
steady barometer also frequently obtain in very fine settled weather. Tt is partly on
this account, and partly on account of the verv small fall of the harometer in the onter
portions of cyclonic storms in the tropies that, as ordinarily nsed hy sailors, that
instrument frequently gives no indication to them of the approach of a storm until it is
too late to be of any use.

Wind Indications.--One of the most impartant features of the weather ig the
oecasional oceurrence of what are ealled harometrie deprecsions. These are really vast
revolving eddies or whirls in the atmosphere. Just as an essential feature of an eddv
in water is a difference of level at'the upper surface of the water (greatest in the middle
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of the eddy), so in an atmospleric eddy there is at the bottom of the

earth’s surface a difference of pressure which is greatest in the middle e;i;i };ngri?rtgg
the eddy. The pressure or height of the barometer decreases from the outskirts of the
eddy towards the interior. Tt is perhaps difficult to grasp fully that in a large cycloni(;
storm a vast mass of air 200 or 300 miles in diameter and 4 mile to 2 or 3 miles in height
is whirling or circulating round in a somewhat complicated manner, which, at and nea;
the ea}'th’s surface, hags been described as spiral, or vorticose.  All ohservations of
eyelo.mc storms shew that such, however, is the case. Such an eddy is called a baro-
metrie depresgion from one feature, viz, that the barometer is depressed below its natural
or normal height in the eddy at the ecarth’s surfaee, and that the depression inereases
tgwards. the centre in a fairly regular manner. It is also called a evelonie
mr?nlatmn, eyclonic storm or eyelone, from the manner in which the air moves or
whirls in a regular manner round a definite point or small area in the interior of the
eddy or whirl. The point in such an eddv where the harometer stands lowest. and which,
so far as experience shews, generallv coincides with the point or small central area
ahout which the air circulates and towards which it is drawn, is ealled the centre. The
shape or form of these atmospheric eddies is best shewn hv the lines of equal presa-‘nro
or isohars indicating and defining evelonic storme in weather charts.  Thev are very
rarely circular, and are usually more or less oval and fairly regnlar in <hape. They
differ very largely in size, and also in the rate at which the air moves  Tence a evelonie
¢ireulation may be either feeble, moderate or violent  Tf feehle, it is of little ar no
importance to sailors, except so far as they chaose to uce the winds for proevess. Tf
moderate, it may be called a “ eyelonic storm,” and if verv violent, a cvelone or
hurricane. '

As suggested by Mr. Blanford, it appears to he desirable to retain the ase of the
word ¢ eyelone’ for the most violent storms in the Bay of Bengal, and to employ the
term ¢ cyclonie storm’ for the less violent disturbances which are of frequent occcur-
rence during the whole of the sonthwest monsoon period.

In eyclones and cyelonic storms the pressure slope or barie gradients are from the
ottside towards the centre, and, roughly speaking, coincide in direction with the bear-
ing of the centre.

T have made measurements of the bearing angle, that is, the angle between the
direction from which the wind comes and the bearing of the centre, for nearly every
eyclone which has occurred during the past twenty-five vears. Although there are con-
siderable différences hetween single measurements, the average of a large number of
sneh measurements gives an angle of almost constant value

To determine the bearing of the centre at anmy position within o eyclonic storm face
the wind exactly, then the centre will be between 10 and 11 points to the riqht hand (or,
more exactly, 103 points).

With the one important exception, viz., of the northeast winds in the northwest
euadrant in the case of storms advancing to the Orissa or west Benzal coast, T helieve
the preceding rule is exact enough for the ordinarv requirements of practical men an
sailors who reqnire a fairly definite rule on the subject and have to apply it under
cireumstances when exact measurement is almost an impossibility. Tt should, of course,
be remembered that there may be real exceptions due either to irregularity in the
eyelonic cirenlation itself, or to features not vet fullv recognized. and that there are
apparent exceptions, due to errors in the measurement of wind direction on board

ships.
Buchan, in his Hand-Book of Meteorology, states—

“The relation between the wind direction and bearing of the centre of a baro-
metric depression is what is kmown as Buys Ballot’s Law of the Winds. Aeccording to
this distinguished meteorologist, if a line be drawn in the direction from which the
wind comes, and another from the place of observation to that of least pressure, the
angle 15 generally from 120° to 100°. This is unquestionably the general direction of
the wind in storms, but the angle is frequently as large as 135°, especially where the
winds become lighter on approaching the central space of least pressure, and on rare
and peculiar occasions it is less than 100°. The wind in eyclonic storms blows round
the areca of low barometer in a circular manner. and in a direction contrary to the
motion of the hands of a watch, with, and be this particularly noted, a constant tendency
to turn inwards towards the centre of least pressure. Also, the greater the force of the
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wind at any place, the more nearly is the direction indicated, by the principle stated
above, approximated to ; and where the directions show any material departure from
the general law, such winds are almost invariably light, and consequently more under
local influences, which tend to turn them out of their course. Hence in cyclonic storms
the winds circulate round the region of least pressure ; or, to state it more accurately,
the whole atmospheric system appears to flow in upon the central area of low pressure in
an in-moving spiral course. This peculiarity is common to all European storms I have
vet examined ; and it should be particularly noted that it is no mere theory or opinion,
but a simple statement of what has been constantly ohserved.”

Rate of advance of cyclones.—The rate of motion of c¢yclonie storms differs very
considerably even for storms of the same class, and also for the same storm at different
periods of its existence. In the earlier stages of cyclones and eyclonic storms in the
Bay, the velocity is-generally less than 4 miles per hour. After they have fully formed,
they advance in some cases with a velocity, which is uniform during the remainder of
iheir progress at sea ; but, in other cases, with a veloeity which increases rapidly as
ihey approach land. The average velocity of storms fully formed appears to be from
10 to 12 miles per hour, and this is, perhaps, the best rule for the sailor to assume.
Several severe storms of recent years have advanced at the rate of 15 miles when
approaching land, and the Backergunge ecyclone travelled with the very great veloeity
of about 25 miles per hour across the mouth of the Meghna. There appears to be no
direet relation between the intensity of a storm and its rate of progress, and no general
rule has yet hbeen suggested which will enable the sailor to estimate from such observ-
ations as he usually is able to take during a storm, its rate of motion,
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CHAPTER IV.—BRIEF ACCOUNT OF FIVE TYPICAL CYOLONIC STORMS

THE AKYAB CYCLONE OF 14TH TO 17TH MAY 1884

This small cyclone is an example of a class of storms which are of almost annual
occurrence. These storms are formed in the month of May, when the southwest
monsoon current proper enters and advances up the Bay of Bengal.

They form usually in the centre of the Bay and travel first in northnorthwesterly or
northerly direction and later recurve towards the northeast. The majority strike
the Bengal or Burma coasts, while a few cross the Orissa and Madras coasts.

The present storm, marched northwards and then recurved and struck the Arakan
coast, )

Brief summary of chief facts of the storm.—The storm formed on the 14th and
15th to the west of the Andamans, and in front of the first local advance of monsoon
winds up the Bay. It moved northwards on the 15th and 16th and on the 17th re-
eurved through NNE to NE, and finally erossed the Arakan coast at Akyab
about 9 p.m. on the 17th. Tt broke up shortly afterwards without erossing the
Arakan hills. The storm area was oval-shaped, the longest diameter on the 16th and
17th approximately eninciding with the direction of motion of the storm.

There are no data for the determination of the magnitude of calm area at the
storm centre in this storm, bevond the fact that there was a lull of five minutes at
Akyab when the centre was passing over the station. As the storm was then moving
at the ratc of 15 miles at least, this would prove that the breadth of the central
area was at least 11 miles. The lowest barometrie reading actually recorded
during the progress of the storm was 28:S3” on hoard the Pemba, about 20 miles from
the calm centre, at 2 hrs, on the 17th,

Weather previous to the formation of the cyclonic storm.—The history of the
cyclone commences on the 11th of May. Over and near the equator the weather was
unsettled and squally. Skies were overcast, and heavy showers of rain were falling
at intervals. Over a narrow belt near the north and west coasts of Ceylon there
werc strongish winds blowing from the sea to the land.  Over the whole of the Bay
proper, winds were very light and variahle, weather sultry and the sea «mooth, and there
was no sign or indication of stormy or squally weather. During the next 24 hours
the only change in the weather was the advance of squally whether as far north as
Lt. 5° or 6° N. In this area the squalls were more sgvere than on the 11th, and rain
was fslling more or less steadily and continuously. §I'Phis advance of a humid, squslly
eurrent of air is further confirmed by the change in the weather which had taken
place during the previous 24 hours in Ceylon. The skies clouded over in that island,
winds sirengthened, and heavy rain began to fall on the afternoon of the 11th. Colombo,
for example, received 3:42 inches during the day. The humid current in the south of
the Bay continued steadily to advance northwards, and at noon of the 13th had reached
Lat. 9° or 10° N. The winds increased in strength, squalls were more frequent and
severe and the rainfall more continuous and intense. With the northward extension of
the strong, humid southwest monsoon winds, the accompanying atmospheric disturbance
reached a portion of the Bay where under favourable conditions squally weather may
develop into a cyclonic storm as on the present occasion.

History of the cyclonic storm—May 14ih.—This change oceurred, as will now
be seen, during the next 24 hours. A largish fall of the barometer had taken place
during the previous night at Port Rlair and Nancowry. The winds had shifted
during the previous 48 hours from southsoutheast to wouthsounthwest at Nancowry,
snd from northwest to southcast at Port Blair, and inereased very considerably in
strength and were nearly three times as powerful on the morning of the 14th as on
the 13th. The wind directions had shifted on the west coast of the Bay south of
Vizagapatam round from southwest to mnortheast and northwest Strong westerly
winds were blowing steadilv at the Ceylon ports. These winds show clearly that a
eyclonic cirenlation was now established over the centre of the Bay, and the history
of the eyclone hence dates properly from this day.

Heavy rain continued to fall in Ceylon, and moderafely heavv rain set in at
Port Blair and Nancowry, which were now receiving their first showers from the
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advance of southwest winds. The wind directions aud barometric observations re-
corded on board ships, as well as at the coast stations, show that a barometrie
depression, the centre of which was at noon in about Lat. 11°N., Long. 893k, had
begun to form, over which the air was moving cyclonically. The logs of the vessels
in the Bay indicate that the weather in the south of the Bay was becoming more
and more unsettled and threatening, the squalls more severe and the winds eyclonic
i mtensity, as well as in direction. Ience we see that the disturbanece which was
now developing mto a eyelonic storm had commenced as squally weather and heavy
rain uear the cequator, and that it had extended northwards and increased in severity
and violence, and when it had advanced beyond Lat. 8°N. or 9°N. it had changed in
charaeter. Hitherto there had heen no centre of action. The weather had been
squally, with heavy rain showers, but the winds had not shown regular and con-
tinued convergence to a centre of indraught. During the previous 24 hours a definite
centre, about which the actions were taking place, had been established. The baro-
meter fell most rapidly at and near it, rain was heaviest in its neighbourhood, squall~
were very violent, and the winds between the squalls not only increased in force, but
showed that indraught to a centre which is the characteristic of a cyelonic cireula-
tion and storm.

May 15th—The ohservations extracted from the logs of the vessels show that
the centre of the eyelonie storm was at noon in Lat. 13°N., Long. 90°E., ~o that it
had advanced about 150 miles during the previous 24 hours.

May 16th.—The observations of the 16th show that the disturbance had now
become a violent and dangerous ecycelonie storm. The various observations, when
charted, established that the centre of the storm was at noon of the 16th in
Lut. 15°40'N., Long. 90°45’K., and was travelling northwards at a rate of nearly
nine miles an hour. It was at that time about 300 miles due west of Diamond Island
and Cape Negrais. Very strong winds prevailed over the Bay, to the south of the
depression and storm area, and winds of hurricane force in the inner storm area, whilst
furthcr north they diminished rapidly in strength and at the head of the Bay were
very light, an.d almost the same in direction on the morning of the 16th, as if the storm
had not existed. The weather to the north and northwest was in remarkable
contrast to that in the centre and south of the Bay. The Bhundara, anchored off Puri,
had light airs. The City of Khios in Lat. 16°46'N., Long. 86°10/E., at noon, had light
north winds of foree 2 during the whole day. Skies were clouded, but the weather
wag fine throughout. The Clan Mackintosh, in Lat. 15°11’N., Long. 82°29’K., was,
like the City of Khios, advancing northwards at about the same rate as the storm.
She experienced very hot and sultry weather, with overcast skies and light winds.

May 17th—The various observations show that the centre of the storm was
approximately in Lat. 19°N., Long. 913}°K., at noon. It had therefore advaneec
about 240 miles during the previous 24 hours, i.e., at the rate of 10 miles per hour.
Strong winds prevailed over the whole of the Bay to the south of the disturbance.
They fed the storm, but they did not form an integral part of the cyeclonic circula-
tion, and the direction of the centre could not have been accurately ascertained from
them. Winds were strong for some distance to the north and west of the centre,
but at distances of 150 miles and upwards they were exceedingly light, and in the
neighbourhood of the Bengal and Orissa coasts were much feebler than the ordinary
winds of May. The chiet indication on the Bengal coast of bad weather to the
southward was the very heavy swell which eame up from the southeast.

* The centre advanced in a northnortheast direction to the Arakan eoast on the
afternoon of the 17th.

Winds increased slightly in force on the 16th at Akyab. The weather began
to be squally with rain, on the morning of the 17th and the sea to rise. The baro-
meter commenced falling at 10-30 a.m., and at mid-day the squalls became more
frequent and violent. The wind increased to a gale at 4 p.m. and the weather wan
then very threatening, with frequent furious squalls. The squalls blew with terrific
foree, and heavy continuous rain fell after 7 p.m, and the sea continued to rise. The
barometer fell to 28-98” at 8-45 p.m. when the storm was at its worst and blowing
with enormous lorce from the eastsoutheast. A short lull of five minutes oceurred
at 9 p.m, during the passage of the calm area, which was apparently of small extent
about. 11 miles in diameter, judging from the rate of motion of the eyclone a;:
the time. After this the wind suddenly shifted to southsouthwest. The weather
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began to moderate very slowly afterwards but the wind blew hard all night, with

heavy and violent gusts.

May 18th.—The cyclone was now advancing directly to the Arakan Hills, which
are n{ considerable elevation, averaging 3,500 feet and rising in their highest peaks
to 7,000 feet. They proved to be too large an obstacle for the storm to surmount,
and caused a rapid destruction of the eyelonic motion. Before 10 a.m. of the 18th
the storm had completely broken up and disappeared. Light irregular winds and
calms prevailled on the Arakan coast, and moderate southwest winds (decreasing in
intensity as the day advaneed) with cloudy and hazy weather over the Bay generally.

Storm wave—A storm wave broke over the Arakan coast and inflicted much
loss upon the erops and grain stored up. About 100 people are reported to have
been drowned or kiled by falling houses during the storm.

THE MONSOON STORM OF 26TH JUNE TO 4TH JULY, 1883

This is an example of the elass of storms which are generated during the rains
(that is, between June 15th and September 15th). The great majority of these storms
form in the immediate neighbourhood of the land, and hence ships coming up the
Bay mainly experience the weight of the westerly and southerly winds which feed
into them. They give strong westerly gales near the head of the Bay to vessels
bound for the Hooghly and the storms are sometimes described as westerly gales.

Summary of facts.—This storm began to form on the 25th June at the head of
the Bay after a short break in the rains which followed the first large advance of
monsoon winds up the Bay into Bengal. Tt remained almost stationary on the 26th
and 27th, and began to move very slowly to the westward on the 28th and crossed
the Balasore Coast a few miles to the north of Balasore about midnight of the 29th.
It marched in a westerly direction across the Orissa hills into the Central Provinces,
diminishing to some extent in intensity and moving somewhat irregularly. It, how-
ever, began to draw large supplies of vapour from the Bombay Coast, and again
increased in strength, and continued its march across the head of the Peninsula at an
average rate of about 15 miles per hour. It advanced through Cutch, and thence
passed out into the Arabian Sea on the evening of the 3rd July, and was some
distance to the sonth of Karachi on the morning of the 4th. Tt passed over the
steam-ship Oriental on the evening of the 4th in Lat. 24°4’N,, Long. 63°30E, or
220 miles west by south of Karachi. Nothing is known of its history after that
date, but it probably broke up shortly afterwards. The storm had hence an un-
broken existence of at least ten days. It presented comparatively small differences
of intensily ai different periods, taking into consideration the very different con-
ditions of its existence at sea, -and afterwards whilst advancing across the hills,
plateaux and river valleys of the head of the Peninsula. The lowest recorded read-
ing of the baromeler wus 29:140” (-462” lower than average) at the Sandheads

on June 29th.

Weather previous to the formation of the storm.—There was a partial cessa-
tion of the rains in Bengal. The air became drier, skies were less clouded, and the
winds fell off in strength. In the Bay, southwest monsoon winds prevailed every-,
where, but they were nowhere of force greater than 3 or 4, except during occasional
rain squalls, such as oceanr at intervals during the prevalence of the south-west
monsoon in the Bay.

The observations of the 25th June showed that a marked enange in the weather
was commencing. The barometer in south Bengal was two-tenths of an inch above
its normal height. Winds were very unsteady and variable in Bengal and over the
north of the Bay. IHeavy rain squalls and dark overcast skies prevailed over the
southeagt of the Bay between Lat. 14° and 19°N., and close sultry weather with
calms or light airs, clear skies and a smooth sea to the north of Lat. 20°N.

The winds in the south and centre of the Bay increased in force during the day
and weather became squally and unsettled near the head of the Bay, on the 26th. The
Comilla, in Lat. 22° 2N, Long. 91°50’E., had squally weather with very heavy
continuous rain during the afternoon and evening.  These were the first indications
of the impending storm. The weather became more unsettled and
threatening in appearance during the day, heavy rain began to fall in the north of
the Bay, the barometer fell rapidly, and winds began to draw into the area of falling
barometer from the north as well as the south,
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Heavy rain also commenced in the neighbourhood of the Arakan coast and in-
vreased the force of the svuthwest winds in the north of the Bay, and the disturbanee
thus nitiated was shortly atterwards followed by the formation of a whirl near the
head of the Bay. The winds on the Bengal coast, although still feeble, getﬂed down
1o northeast, the usual indication during the rains of the formation of a cyelonie
whirl at the bead of the Bay.

History of the storm.—June 7th—~This wlurl gained rapidly in foree during
the mght of the 26th, and on the mormng of the 27th it had developed into & small
bul dangerous storm. The chiel teatures of the storm at this time were the violent
winds 1n the southeast and east quadrants. In the western and northern quadrants
skies were overcast with ramn, and weather was unsettled with occasional squalls,
but the winds were as yet feeble, varymg in force from 1 to 4 or 5, except perhaps
1 the immediate neighbourhood of the centre.

June 25th—The storm continued to merease in intensity during the night of
the 27th, and on the mormng of the 28th the barometer had probably fallen to
29.00” ai the centre, as readings between 29-1”/, and 29-2” were recorded om board ehips
at distance of 20 to 40 mules from the centre during the day. The various observe-
tions taken on board ships mdicate that the centre at 10 a.m. of the 28th was in
Lat, 21°N., Loug. 88v45K. and moving west by north at a rate of about 3 miles
per hour. The weather over the north of the Bay was now very wild and stormy.

The confrast between the violent winds and furious squalls in the southern
and eastern quadrants at constderable distanees from the centre (up to 150 or 200
miles), and the modevate winds and squalls at distances of 30 or 40 miles n the
northern and western quadrants, was one of the most conspicuous features of this
storm, as it 15 probuably of all the small cyclonie storms of the rains proper.

June 29th~—The obseivations of the 29th show that the barometer had fallen
tapidiy m southwest Dengal and  Orissa, and was nearly half way an inch below as
normal height in June.. Winds were from two to four times their ordinary strength
m dJune, and very heavy continuous rain had fallen during the preceding 24
hours over the whole of Urissa and southwest Bengal.  These observations and the
logs of vessels show that the storm continued to inerease in extent during the night
of the 28uh, and covered a larger area than it had hitherto done. It intensified slight-
Iy, but there is no evidence that the barometer fell below 29-0/7 at any time during
the storm. The lowest reeorded readings were 29-14”7 at the Upper Gasper light-
shup at 10 am., and 29-108” at 4 pm. of the 29th. The storm centre continued to
drift slowly to the westward during the night of the 28th, and was in Lat. 21° 30/ N,
Loug. 87°65°E., at 10 a.m., of the 20th, or about 35 miles to the west by north of its
position at 4 p.m, on the previous day, and was advancing at a rate not exceeding
3 miles per hour. Tt had passed between the Intermediate and Upper Gasper light
vessels, and was about 5 miles to the west. The vessels in the north of the Bay
continued to experienee violent eyelonie winds and a dangerous sea. All the ships’
logs agree m assigning a foree of 10 and 11 to the winds in the southern and eastern
quadrants. At Saugor Light-house, which was only 20 miles to the north of the

«centre at 10 a.m., moderate winds were felt, and at the Upper Gasper light-vessel,
;mtsmore than 5 to 10 miles to the north of the centre, the winds were of force 5
o 6.

The captain of the Comet floating light-vessel thus deseribes the weather on
the 20th—¢¢ Weather was very threatening in the morning, and a heavy sea came
up from the southeast. The wind was very variable, shifting all round the compass.
Rain-squalls passed up frequently. Al midnight it was blowing a furious gale”.
The eaptain of the Metcor floating light-vessel deseribes it as follows :— The sea
was very rough, and a squall from southwest came up at 8 a.m., of the 29th. Fre-
quent heavy rain-cqualls passed over the vessel. The wind shifted to southwest at
10-30 a.m. The barometer hegan to rise at 2 p.m. During the evening a strong
southwest gale hlew, and frequent terrific rain-squalls passed over the vessel.’’.

June 30th—The storm centre crossed the Orissa coast between False Point and
Balasore during the night of the 29th and was advancing through Orissa on the
morning of the 30th. Its position at 10 a.m. of the 30th was in about Lat. 22°(0’N.
and Long. 84°(0’E. It was hence travelling much more rapidly than hitherto. The
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barowetric depression at the centre was not »0 gicat, and Lhe air motion was not
so regular as at sea. This wuas evidently due to the resistance and action of the

Orissa hills,

The above account illustrates fully the chief features of the more daungerous
storms of the rans proper 1n tne Bay of Bengal. They commence to form after a
partial cessation of the rains in Bengal. Heavy ramn begins to fall, generally near
the Arakan coast or at'the bead of the Bay. ‘Luis causes a greater inrush of moist
winds from the south, which not only prolongs and intensifies the 1ainfall, but
generally sets up a whirl near che hepd of the Bay, which, if conditions are favour-
able to its growth, increases and iutensifies and becomes in the course of a day or
two a dangerous storm. The most prominent feature of these storms is the very
violent winds and furious squalls in tae southeast quadrant which extend to very
considerable distances from the centre. The storm moves very slowly in the earlier
stages, and hence the stormy weather or westerly gales attending them may continue
for several days; but when the cyclone 15 fully developed 1t generally moves or
shoots off rapidly to the Orissa coast (or the Bengal coast, but much more rarely),
and very shortly after it pusses landwards the weather begins to improve at the
head of the Bay, and the w nds decrease in force, and in a short time normal or
ordinary southwest monsoon winds (force 3 to 5) are again established at the
head of the Bay.

July 1st—The history of the storm after it reached the Orissa coast is given
more briefly. The centre travelled at a mean rate of about 15 miles per hour on
the 30th, and was in about Lat, 22°N.) Long. 81°E, at 10 a.m., of the 1st. The
storm gave excessive rain to Orissa, and very heavy rain fell in the distriets of the
Central Provinces through which 1t passed on the 1st, which flooded the rivers and
carried away bridges on the rallways and roads, and interrupted traffie.

July 2nd~—The storm passed out of the Central Provinees into Central India
on the morning of the 2nd. The centre was near Indore at 10 a.m., in Lat. 223°N.,
Long. 76°E., so that it bad advanced at a mean rate of about 14 miles per hour
during the previous 24 hours.

July 3rd—The storm crossed through Gujarat into Cuteh, and was between
Bbhu) and Rajkot in Lat, 233°N,, Long. 693°K., at 10 am., of the 3rd. It had
continued to give excessively heavy rain to the distriects through which it marched.
At Rajkot 9:85 inches were recorded on  the 3rd. The storm had thus advanced
unbroken across the head of the Peninsula from the Orissa coast to Cuteh, a dis-
tance of 1,400 mles, in about 80 hour<. It was now in the immediate neighbour-
hood of the Arabian Sea, into which 1t passed during the afternoon of the 3rd.

July 4th.—The following is the account of the storm given hy the captain of
the Oriental :—

“] experienced a very heavy cyelone on the night of the 4th July in Lat.
24°1#N,, Long. 63°30’E, at 8 pm. I had a light westerly breeze, with the usual
southwest swell on the morning and afternoon of the 4th and the harometer was steady
until 9 p.m., at which hour the wind began to increase slightly, hauling northerly.
As I noticed the glass was falling rapidly, I gave the order to take in all sail. While
clewing up the fore-topsail, the whole foree of the eyclone struck her, carrying away
fore-topsail, foresail and awnings fore and aft. I, at once, eased down to keep her
before the wind till the saloon sky-lights could be secured, as I was afraid to bring
her to the wind till they bad bheen seeured. At 11-30 p.m., a sea carried away both
gunarter boats on the starboard wde. At m'dnight I brought the ship to the wind
and sea. The reading of the harometer at that time was 28:56””. Violent winds
continued until 4 a.m., when the wind commenced to moderate. The sea con-
tinued very heavy, and T was not able to stand on my eourse until noon ”.

1t would appear from this account that the storm not only intensified again
after leaving the coast, but that it moved more slowly than while crossing the land.
In both respects it agrees with what has been observed in other storms that have
pussed into the Arabian Sea from the Bay of Bengal

THE FALSE POINT CYCLONE OF 19th TO 23rd, SEPTEMBER 1885.

The False Pvint cyeloue of 1885 1s a very remarkable example of the small, but



42

very intense and severe cyclones which occasionally occur in the Bay. The lowest
harometric reading (27-135”) taken at the False Point Light-house during the passage
of the storm centre over it is lower than any previously recorded verified barometrie
reading at sea level. The cyclone was in character a storm of the transition period—
October to December—rather than of the rains. Tt. however, occurred at least a
fortnight earlier than any storm of similar intensity has been previously recorded,
and is therefore in several respects unique.

Brief summary of chief facts of the storm.—The False Point ecyclone was
generated in an area of calms and light unsteady winds to the sonthwest of Diamond
Island on the 17th and 18th. Excessive rain fell in this area, and fhe storm develop-
ed with unusual rapidity on the 19th in abqut Lat. 15°N., Long. 923°E. It was
fully formed on the afternoon of the 19th and mavehed in a northwesterly direetion, The
centre advanced rapidly witheut change of course {o the Ovi-sa coast, which it reached
about 6 a.M. on the 22nd. ""The central ealm avea passed over the lighthouse, and
lasted for half an hour. The storm advaneed aeross Cuftack and the Orissa hills,
but decreased very rapidly from this period. 1t gave a deluge of rain to those hills,
and thence passed through Chota Nagpur on the 22nd and Bihar on the 23rd, and
died out in north Bihar on the morning of the 24th, after having given heavy rain
in Chota Nagpur and moderately heavy rain in Bihar. During the latter part of
its existence it moved very uniformly, and at a rate averaging 13 miles per hour.

The wind at Kalsc Point remained steady at northeast during the whole period
of approach of this storm wnlil within «  few munutes before the calm area reachied
the station when it shifted suddenly to northwest. As the storm advanced in a north-
westerly direction to False Point, the angle between the wind direction and eentre
was hence throughout 90°. This is another example of the peculiar wind relations
which appear to obtain at False Point and prohably over the adjacent portion of the

Bay.

Weather previous to the storm.-—The storm began {o form, so far as can be
Judged from the reports, on the afternoon of the 18th of September or the morning
of the 10th. The weather for rome days previously in Bengal and northern India
was such as accompanies a partial break of the rains. Rain had practically ceased
to fall in upper India.

September 1Sth—The logs of a large number of vessels show that in the morth
of the Bay fine clear weather, with light couthwesterly winds (but somewhat un-
steady in character) still prevailed. The only part of the Bay area for which the
information is somewhat seanty and imperfeet is the Andaman Sea. The ohserva-
tions at Port Blair and Nancowry, and at the Burma and Tenasserim coast stations,
as well as those taken on board <hips in the Bav. shew most clearly that there was
no cyclonic motion of the air in that part of the Bay. Squally weather with frequent
heayy rain-showers prevailed over a large portion of the south and centre of the Bay,
and the disturbed weather was extending northwarde and invading the area of light
varighle winds and hot sultrv weather to the west of the Pegu coast, so that a heavy
hank of clonds had collected or formed apparently in the area over which the storm
was eenerated during the next 24 hours The oheervations at the Bay Islands econ-
firm these statements to some extent. Thus, af Porl Blair heavy rain was falline,
<kies were gloomy, and winds had inereased verv considerably in force. They were
hlowing from west or southwest, and were henee wormal in direction, and sach as
necede and accompany the formation of a evelone to the west of  {he Andamans.
Moderate rain had also fallen at Naneowrv. Tittle or no rain was falling in Burma.

The observations hence show that a considerable inerease in the strength of the
<onthwest mnnsoon winds had ocenrred over the sonth of the Bav. Woeather also
hecame unsettled and squallv, and heavv rain heean to fall in <ome parts of the
south and eentre of the Bav. Sn far ac ean be jndeed. this rainfall wae heaviest gt
and near Port Blair. and it was in the sea area to the north of the Andamans that
the evelonie storm originated and was cenerated dnrine the next 24 hours.

Accornt of the storm.—In the <outh of the Bav the <onthwest air enrrent eon-
fimed {o inerease in volume and infensity, and il northward advanee over that aren
{o the centre of the Bav (more espeeially the easfern half) wa< now accompanied with
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very unsettled, squally weather. The only vessel near and within the area in which
the storm was forming on this day was the ship Governor Wilmot. Her account
shows the inception and increase of the storm during the day. She was in Lat. 14°27N,,
Long. 92°8’E. at noon, and proceeding slowly westwards on her course from Dxamond
Isiand to Calentta. The following extracts giving the weather experienced, are
from her log :—

“ Early mormng —Northwest winds, force 6. Squally-looking, with smooth water.
Constant rain. Morning.—Increase hreeze, with constant heavy rain. Noon.—Wind
very unsteady ; constant rain. Very heavv rain nt 4 p.M. Wind increased at 8 p.M.
to force 8 from the west, and blew a whoie «wale”.

The above account agrees with the gencral experience of cyelone generation in
the Bay. Heavy continuous local rain in an area of light unsteady winds, fed by
strong southwest monsoon winds prevailing to the south, is always the chief and most
prominent feature. The harometer usually commences {o fall simultaneously with the
heavy rainfall. Winds are for some time afterwards unsteady. although mcrnas!nv in
force, and are interrupted by squalls, which increase in frequoncv and in mionntv
After some time regular oyclonw motion of the air is established whieh. if the rain-
fall continues and inereases in amount, develops into rapid and violent ecyelonie
motion on the large scale over the storm area. This change in the present storm
appears hence to have gone on continnously on the 19th in a small portion of the Bav
to the southwest of Diamond Tsland, and north of the Andamans. and on the
afternoon and evening of the 19th the evelonie storm was fullvy initiated.

September 20th.—The logs of the ships furnich abnndant evidence of the un-
ususlly rapid growth of the storm. Thev <how that the eentre at noon of the 20th
was in Lat. 15°30’N.. Long. 91°30/E. or Tone 92°E  There were a larer numher
of vesselz to the south and west of the centre during the day. Their loes all record
that unscttled saually weather, with oloomv threatenine ckiee, oxtended over the
greater part of the Bay sonth of Tat. 18°N and cast of Tong, 86°E., but that strone
winds (or winds exceeding 8 in ‘Forr-n\ were onlv exnerienced to a distanee of 60 or
80 miles from the centre excent in the sonth quadrant where thev obtained over a
large portion of the south of the Bay.

The Governor Wilmat was nearest to the centre in the morning and at a distance
of 60 miles to the northnortheast at noon. Her log for the day is as follows :—

“4 AM.—Wind westnorthwest, force 10. 8 A.M.—Wind west, force 11, blowing
a hurricane. Sky black, with thick low clouds; constant heavy rain. Barometer
fell rapidly during the morning and stood at noon at 29-5”. The skyv was very
thick and black at noon, so that it was more like night than day. 4 p.m. —Wind south-
west, force 11. 6 PM——Weather began to improve ’’,

September 21st.—The various observations indicate that the centre at 10 A.m.
of the 215t was in Lat. 17°30’N., Long. 89°30’E. or 89°45°F., so that it had travelled
180 miles to the northwest during the previous 24 hours. Tn Bengal skies were much
less clouded than they had been previously.

The storm moved more rapidly during the afternoon and night of the 21st, and
reached the Orissa ecoast carly on the morning of the 22nd. It apparently grew
rapidly in intensity during the day, but the inner storm area was not much enlarged,
50 that it continued to present the same features as on the 20th of a small area of not
more than 50 or 60 miles in diameter in which the winds raged with hurricane foree,
whilst beyond it they decreased rapidly in intensity, and at dxstanm\ of 80 or 100
miles from the storm centre were comparatively fechle.

The following gives extracts from the logs of those ships which were involved in
the storm during the 21st. The first was the Calcutta, which was ahout 50 miles to
the south of the centre at noon of the 21st. The account in her log is brief :—

“ Winds changed gradually from northwest to west by south and then to south-

southwest and finally to south by east. Terrific squalls at noon with a regular down-
pour of rain. The sea in the evening scemed to come from all quarters ’’,
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This vessel passed from the southwest to the southern quadrant, buf was never
nearer the centre than about 50 miles,

The Quang Tung left the Sandheads on the 19th for the Andaman Islands and
her course took her directly through the storm area. She was nearest to the centre
at 4 P.M. of the 21st, when she was about 70 or 80 miles to the north of the centre
and in the outer storm area. The following extracts are from her log of that
day :— .. -

“4 paM—Sea smooth. 8 A.M.—Wind eastnortheast; force 5. Moderate north-
cast sea and swell. 9-45 A.M.—Wind and sea rapidly increasing. Very heavy south-
rast sea. Noon.—Wind east by south, force 8. Very heavy sea. 4 p.M.—Wind
cast by south, force 9. 8 p.M.—Very hard squalls from the eastward’’.

September 22nd—The tug steamer Britammia was advancing slowly to the mouth
of the Hoogly and was off the Orissa coast on the 21st. She was hence right in the
track of the cyclone and experienced its full weight on the night of the 21st. The
following account is extracted from her log :—

“91st, 4 A-M.—Wind eastnortheast, force 3. Noon.—Barometer 29-6”, wind
northnortheast, force 6. 4 p.M.—Wind northeast, force 6. From noon the wind
increased in forece, and at 1 A.M. of the 22nd was blowing with hurricane forece.
Barometer stood at 28-2”” (corrected reading 28-16”) from 1 A.M. to 3 A.M.,, when
there was half an hour of calm weather. The wind then came down from the west
(backing to southwest) with terrible foree until 6 A.M., when it began to moderate,
During the storm the fore and main top-gallant masts and vards were lost, and the
whole suit of sails blown away from the vards, except the main sail and jib ”.

The Booldana on the 21st was lying off False Point at the anchorage ground.
The following account of the storm is taken from her log :—

“ At 4 p.M. wind was from eastnortheast, and there was a heavy sea running with
dirty squally weather. At 8 p.M. wind northeast. force 9. Sea increasing. At mid-
night strong gale. with very hard dry squalls.- 2 A.M. of the 22nd.—Gale inereasing
with slight rain. 3-30 a.m.—Heavy squall ; wind blowing a very heavy gale. 4 s M.—
Barometer hegan to fall very rapidly, and wind and rain inereased. 5 A.M.—Wind
nartheast. 6-15 A.M.—The weather cleared np with clear skv overhead. bhut round
the horizon all dark. 7 A.M—Barometer at its lowest 27-4” (uncorrected) The
eale eame down from the opposite quarter (southwest), making it impossible to stand
on deck withont holding on. 9-45 1 v—Force of the gale gradnally abating. Noon.--
Tresh squalls from sonthwest’’,

Jhe weather in other parts of the Bav was more or less squally with strongish
winds and a high sea. The sea was especially high in the shallow water at the
head of the Bay.

The lighthouse at False Point is sitnated about 7 miles to the southsouthwest of
the anchorage ground in the harbour. The calm area passed over it very shortly
after it reached the Booldama: The following is the acconunt of the weather, as given
bv the lighthouse-keeper :— )

“ The weather began to assume a threatcning appearance between 4 and 5 p.a.
of the 21st when the wind was from the northeast, and blowing in squalls with an
overcast skv, and heavy banks of clouds rolling up from the northeast. The weather
continned the same, with the wind increasing in foree and squalls more frequent
until between 1 o.M. and 2 a.M. of the 22nd, when it blew a gale. At 4 A M. the wind
had inereased to a hurrieane, and the squalls were most terrific, with blinding sheets
of rain. The wind was still from the northeast. and the harometer falling rapidly.
At 6-30 A.m. the wind hauled to the northwest. and continued to blow a hurricane for
# few minutes, when it suddenlv Iulled and hecame almost calm. At 6-50 A the
wind eame down with redoubled force from the westsouthwest, the gusts being most
terrifle. From 7 A.M. to 10 A-M. the harometer rose rapidly and the wind gradually

moderated to a gale, and at noon it hlew a fresh breeze from the southwest. with
squalls ”’, ) '
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The observations of pressure, wind and weather recorded at False Point during
the passage of the storm are shown in Fig. 3.

FALSE POINT CYCLONE oF SEPTEMBER 1885.
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The storm advanced in a northwesterly direction during the day across north
Orissa and Ghota Nagpur, and gave very heavy rain in Orissa. The Collector of
Balasore reported that the rainfall on the Orissa hills was extraordinarily heavy, and
caused high, floods in all the rivers in his district, which inundated all the low-lying
lands. Strong southerly winds continued over the whole of the centre and north of
the Bay during the day.

September 23rd—The centre passed through the districts of Ranchi and Hazari-
bagh in the early morning of the 23rd, and was between Dehri and Hazaribagh at
10 a.m. The storm had, however, almost filled up by this time, and it existed for
some houws longer as a diffused disturbance which advanced northwards into north
Bihar, where it finally broke up completely in the morning of the 24th. The strongest



46

winds in the Bay in that day were only of force 3-4, so that the weather in the Bay
bad veverted to its normal character at the end of September. K '

The storm wave.—The storm wave inundated the whole of the low land in the
neighbourhood of the False Point harbour. High water was due at about 8 a.m, so
that the storm wave which accompanied the central depression and ealn area preceded
the tidal wave by about two hours. The storm wave came up at 6-20 A.M. and swept
over False Point harbour, destroying all the houses ashore. It passed over Jumbo
at the entrance to the ecanal, and then rolled in one wide unbroken wave in a north-
easterly direction over Kaldeep and Kerara, submerging villages and carrying away
betore it, with irresistible force, houses, cattle, human beings, etc. The trees wert
rendered leafless and seorched as if by the blast of a furance. The measured height
of the wave above mean sea level was 22 feet at False Point and 21 feet at Jumba,
The effect of the tidal wave was suddenly to create a sufficient depth of water all over
the harbour sufficient to float large steamers. The Booldana was carried over shoals
where there is ordinarily at high tide only a few feet of water.

THE BACKERGUNGE CYCLONE OF 27TH OCTOBER TO 1ST NOVEM-
BER 1876.
The Backergunge cyclone was the largest and most destruetive to life that oeeurred
in India during the 19th Century.

Brief summary of chief facts.—The following gives the most important details
of the storm :-—

The cyclone apparently formed on the 25th, 26th and 27th to the west of the
Andamans in Lat. J0N,, Loug. 89° E.. and moved first northwards and then zradually
recurved to northeast. The position of the cenire at various times and its average raie
of motion are given helow-—

‘ Position. I Distance f Average
! o | passed over ! rate o
Date. | f since last ! motion

i Latitude. . Longitude. |  previous | during

; 1 ¢ position. ’ interval.

! ‘ : o

— e = —]

| | ! |
27th, noon { 10° N, .. 89°E. 90 i 4 miles per

: ‘ hour.
28th, noon .. . .. 14N, .. 8Y°E. oo |
29th, noon .. .. .. I8N . | 89°E. o 120 5 »
30th, noon .. . .. 14§°N. . \ 891°E. ve | 105 | 4 .
3lst, L e.m. .. . S UISPAFN. L. | 890260 L. 204 (12,
3lst, 6 p.M. .. .. .. P 19°45°'N. .. | 89°50°E. .. (o | 16 ’
31sy, 9 P.M. .. . .. 1 20°30’N. .. | 290° 25’E. .. 62 21 ”»
lst, 3 a.M. . .. [ 22°30°N. .. | 9I°PO0E. ... 144 | 24

il ”
| i

" One of the more remarkable features of the storm was the very great increase of
its velocity on approaching the coast of east Bengal

It reached the mouth of the Megna about 3 a.u. of the Ist of November. The centra}
calm was then from 15 to 18 miles in its longest diameter, aud was probably elliptically-
shaped the longest diameter being nearly perpendicular or oval to the direction of
motion,

The cyclone wag completely broken up before 10 a.m. of the same day by the action
of the hills in eastern Beneal and south Assam. It extended, at sea over a very large
area, blowing with hurricane force, and disabling vessels at a distance of 200 miles from
the vorfex, and was the most extensive as well as one of the fiercest cyloneg of the
century,

The lowest readings of the barometer ohserved during the storm were :—
28-15” (uncorrected) on board the Tennyson (20 miles to west of centre).
28-15” (uncorrected) on board the Lady Octavia (20 to 25 miles west of centre).
28-2” (uncorrected) on board the British Statesman (20 miles west of eentre).

It is hence almost certain that the barometer was helow 28 inches in the central area,
and may have been at least as low as 27-5 inches, or even lower,
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‘Weather previous to the formation of the cyclonic storm.—The mean temperatuie
of the air was from 2° to 7° below the average of the season in northern India, but
was slightly ahove 1t at IPurt Blair and Madras, and probably over the south and centre
of the Bay, where the weather was very sultry. Fine dry cool weather, with cloudless
skies and light ans, prevailled almost without mteriuption 1n northern India. Durmng
this period the winds in Bengal which had been previously southerly, shifted round tu
their cold weather directions and the winds and weather at the end of the third week
of October were such as prevail when the northeast monsoon is fully established over
the north of the Bay. Pressure was remarkably uniform over the Bay, and in northein
and central India,

From the 20th to the 27th or 28th the weather in north of the Bay was of the same
character as in Bengal. In the southeast of the Bay, as 1s indicated by the Port Blarr,
Nancowry and slup observationg weather was unsettled, and the wind> were very
variable and unsteady. Much rain was falling, and squalls were of occasional occur-
rence. No chauge took place in that area of shgbtly unsettled weather until the 24th
and 25th. The cyelonie movement was comparatively feeble between the 24th and
26th. On the evening of the 25th and morning of the 26th a rapid and <ignificant
inerease took place m the force of the wind at the Nicobars, which was comcident
with the commencement of rapidly imereasing ceyelonie circulation on the large scale
over the eentre of the Bay. The hstory of the storm proper hence dates from the
evening of the 25th.

History of the Storm.—0Uctober 27th.—~The observations of the 27th show that there
was a clearly marked depression, the ecentie of which was to the west of the Andamans
in Lat. 10 N,, Long, 89°K., and that over this aiea winds were cyclome in direction,
but were as yet of moderate mtensity. The ships Kmpue of Peace and Biitish Sceptre
were to the southeast of the central depression during the day. The former experienced
thick cloudy weather, much rain and moderate winds from southsouthwest to southwest.
The latter (nearer to the centre) had strong breezes during the day and a deluge of rain.
The Arabiwa to the west ot the centre had constant ramn and oceasional squalls. The
ships Tennyson and Fuifarshure (250 miles to the northnorthwest) had fine elear weather
with moderate noitheast winds. Moderatety strong cyelonie winds were blowing at Port
Blair and Nancowry, Skies were thickly ciouded, and heavy ran fell during the day.

October 2Sth.—The cyclone developed rapidly i intensily and extent on the 28th.
Torrential ramn fell over a large part uf the area of depression, and frequent squalls
occurred, and the wind, near the centre sivengthened rapidly. 'The British Sceptre, 200
miles to the eastnortheast of the centre, had torrents of rain at noon, the Empire of Peace
(180 miles to the eastnortheast at noon) strong breezes with much rain, and the JAllahabad
(150 miles to the eastnortheast) constant ramm and heavy squalls. The City of Veniee,
to the westsouthwest of the centre at noon, had frequent squalls of wind in the morning.
At noon there was a fresh breeze, with heavy squalls. At 8 p.ar. the wind had mereased to
a fresh gale, and at midmight 1t blew a hard gale, with hard squalls,

October 29th.—The centre of the depression advanced during the 24 hours preeed-
ing noon of the 29th to Lat. 13°N., Long. 89°K,, or a distance of about 120 miles and
was nearly 150 miles due west of Port Blair. The area of depression at mid-day of the
29th covered a large area, extending from Lat. 6°N. to Lat. 18°N., and from Long.
92°K. to long 83°K. m whith winds were of forece 6 or upwards, and squalls were ex-
perienced. The ship British Sceptre (250 miles to the northeast of the centre at noon
of the 20th) experiencrd torrents of ramn and hard squalls, the Allahabad (270 miles to
the northeast) constant raun with very heavy squalls, and the ity of Venice (280 miles
to the westnorthwest of the centre) had an increasing gale with continuous rain during
the morming, The captaun of the City of Venice, states that the winds and squalls
inereased in torce, and that at 4 P.M. it blew a hard gale, with furious squalls. The
logs of several vessels, which were approaching the mouth of the Hooghly at this time
describe the weather as threatening in the north of the Bay, and show that strong winds
and squalls were felt as far north ag Lat, 18°N, in the morning. Before nightfall the
weather had become unsettled and squally as far north as Lat, 20°N., and the appearance
of the sky was such as to suggest the speedy occurrence of stormy, cyclonic weather.

October 30th—The full development of the storm took place during the evening of
the 29th and morning of the 30th. The land observations and the ships’ logs show that
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on the worning of the 30th violent eyclonic motion of the air (in which winds of foree
9 to 12 with lrequent bard squalls vbtained) extended vver an elliptical shaped area
(250 miles by 200 miles), the centre of which at noon was in about Lat. 14AN., Long-
80;°E).

Uctober 31st.—The steam-ship Penany was mvolved in the storm on the morning
of the 3lst. She left Calcutta, on the 28th and steamed svuthwards into the teeth of
the advancing cyclone. She experienced very rough weather on the 30th. The wind
inereased rapidly, and the barometer began to fall quickly on the evening of the 30th,
and was at its lowest at 4 a.M. of the 31st. At 6 p.ar. of the 30th the ship was taking
huge seas on board, and the deck midship house and port saloon flooded with water.
At 10 p.., the engineer and engine-room crew were battened down below, and the tore
and main rooms and muzen gaff were blown admit. At 4 A of the 31st the gig was
washed away. Wind and sea were then at their highest and it was impossible to watk
or stand on deek. At 7-30 a.. the whole ot the front of the saloon was stove in. The
ship lay like a log, with the saloon full of water. All the head-boards, knees, and
rangways were now washed away. The barometer was at its lowest (29-32”) from
4 oM. to 7-30 A.x., and the weather began to improve at 8 a.M. The ship was, however,
tound on the 1st to be a complete wreeh vn deck and 1t was judged necessary to put
buck to Caleutta. The Penang was at 7 a.M. of the 31st, when nearest to the centre. at
ua distanee of about 150 mles from it.

The Tennyson wus ubout 20 umnles to the west of the storm centre at 1-3v p.u. on
the 3lst. She was procceding up the Bay to the mouth of the Hooghly along the
meridian ot 89°L. m front of the storw on the 29th and 3uth. . She had passed through
the area in which the storm was generated only a few days previously and began to ex-
perience squalls and increasing winds on the afternoon of the 29th. Weather became
slcadily worse on the 30th, and af 10 r.x. 1t blew n furious squalls for an hour. This
was tollowed by a briet lull, when a very violent squall from the eastnortheast threw
the ship on her beam ends until the first rush of the squall was past. ‘The wiud blew
with hurricane foree from the eastnortheast from midnight (when the barometer was
20-6”) until 9-30 s, when it veered gradually to north, and the nowse of the wind
became a perfeet howl. The sails were now torn from their gaskets and went to
ribbong m a tew minutes. The sea was a scene of the wildest eonfusion. The ship
was thrown on her heam ends, and the sea, breaking on board, swept away everything
and left her a wreek on deck The barometer was lowest at 1-30 p.m., when 1t stood at
28-15” (corrected reading 28-82”). The weather began to moderate at 6 r.M., and
at mudnight 1t had died away to a calm. The top of the sea wag blown about during
the storm go as to make it mmpossible to see 20 yards from the ship.

The Ludy Octaviu and Palmas were nearest the centre at 6 p.M., when it was in Lat.
19°45°N., Long. 89°50E., and advancing at a rate of 15 miles per hour in a north-
northeasterly direction. The former was then about 25 miles and the latter 35 mileg to
the west of the centre,

The Lady Octacia was, on the 29th, sailing northwards to Culeutts, and was at,
noon in Lat. 19°33’'N., Long. 90°14’E. She had heavy rawn and variable winds on that
day, The weather hecame rapadly worse on the 30th, and towards evening she was
turned southwards. The barometer at 2 a.M. of the 31st stood at 20-8” (uncorrected).
At noon the wind was blowing with hurricane foree, and a fearfully high and cross
sea running. At 5 r.M. the main topsall blew to pieces.

_ The experiences on board the ship Palmas are valuable and interesting. The follow-
ing give the most important extract from her log :—

* Left Negapatam on the 12th October bound for Caleutta, and was near the Eastern
Channel light-ship on the 30th, At midnight the barometer began to fall rapidly, and
the weather looked very threatening, and all preparations were wade for a strong gale.
At noon of the 31st it was blowing a hard gale. By thig time found it must be an
approaching cyelone. The ship was evidently in the northwest quarter of a cyclone,
travelling from southsouthwest to northnortheast. At 2 p.u. the heavy sea and lurehes
(assxsted‘ lzv the quantity of water gone helow) caused the sand ballast to shift to star-
board, giving the ship a heavy list to leeward. With the heavy lurching the 90 fathoms
of starboard chain broke- adrift, and was thrown on the lee gunwale, and at the,same
time all the sails and provisions, etc., on the weather side of the fore cabin were thrown
to leeward, throwing the ship almost on her beam ends. We slacked away fore and main
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topsail gheets to try aud right her, the lore oue blowing away in the act, and bad to
slack off the main topsail sheets till it blew away. We squared the main and cross-jack
yard and put the heim up to try and put her on the other tack to get the low side up,
although we were already on the right tack for the cyeclone, but the ship would not pay
oft, but continued to come up as the wind was hauling more northerly and causing the
heavy southsouihwest sea to break in over our lee rails and poop, and endanger the
safety of the ship by knocking against the hatches. When in this position, cut away
topgallaat back stays, the masts gomng over with their gear and fouling the top-
sall yards. We could not cut them clear, as all the wire got twisted and turned to-
gether. At 4 p.M, the cyclone wag increasing ; barometer 28-50”, the sand still shifting
to leeward and putting the ghip on her beam ends. 1 saw then that the next thing to
cutting the masts away would be to let go the starboard anchor, and let it run the
90 fathoms chain from the lee side. I weng forward with the chief: officer and saw all
clear, and let it go, taking the 9V fathoms chain with it. The ship then righted a great
deal, and less sea came over the rails. We then had a chance to go helow to trim some
of the ballast, and 1 sent all hands below for that purpose, leaving the carpenter, sail-
maker, and one man on the deck to look out for the hatehes and tarpauling. In the
meantime the top-gallant masts and yards were swinging about and cutting the top-
sailg and courses adrift from the gaskets and causing them to be blown away. At 6 p.mM.,
when the barvmeter stood at 28-20”, we had the heaviest blow. The centre of the
cyclone was then pessing about 40 miles” (this was the cuptain’s estimate and alnost
exactly correct) *to the castward, the wind hauling to northnorthwest and uorthwest
witb fearful vivid flashes of lightning, thunder, and rain. At this time the whole of the
remains of our saile were hlown away. The foretopgallant yard had hv this time got
down, end on alongside, and knocked against the side and chufed very much, but could
not cut it clear. At 7 p.M., the pale bating, we ceased trimming, the men bemng all
tired and worn out, and the southsouthwest sea being then nearly aft, ship heading up
northeast by north and rolling much less. 3 p.m., gale moderating and, the barometer
having risen to 23:50”, let all hands go to rest and get rcady for the next day’s work,
to clear the wreck and trim ballast. Midnight, the weather clearing and wind
moderating ”.

The British India Steam Navigation Company’s steamship Moulmein left Chittagong
for Calcutta on the afternoon of the 30th. She hence crossed directly in front of the
advanang storm. The following gives the chief details of the storm ag experienced on
boar

“Noon of the 31st.—Wind northeast, with heavy confused sea. 4 p.M.—Wind now
blowing a hurricane. 5 p.M.—Vore-topmast carried away. 7 p.M.—Foremast carried
away close to deck. Spray blowing right over the ship ; standard and steermmg com-
passes blown away. 10 r.M.—Wind northnortheast. Funnel carried away. Main top-
mast carried away. Fires put out and the boiler ran dry. The engines not able to
work, and three feet of water in the stokehole, with all pumps choked. The baro-
meter at 8 P.M. was 28-4”, the lowest reading taken. From 11 p.m. the wind bLegan
to decrease”’,

The Allahabad was about 80 miles from the centre in the opposite quadrant to the
Moulmein at the time when that vessel was nearest to it. Her log states :—

“ At noon of the 30th, when in Lat. 17°57’N., Long. 91°40’K., constant rain was
falling, with frequent very heavy squalls. A very heavy swell came up from south-
southwest and southwest. 8 r.M.—Weather looked bad and threatening, with every in-
dication of a cyelone. At 11 p.m. it was blowing a heavy gale from eastsoutheast, and
a strong current setting northwards. At midnight it was blowing a vers hard gale
with eonstant rain, very heavy squalls, and much lightnmg to the southward. The
squallg increased in foree during the morning of the 31st, and at noon the cyeclone ¢om-
menced to blow with great furv and continued with no abatement until midnight. At
8 p.M, the wind began to veer to southeast. At 10 p.M., when the wind was at southsouth-
east to south, the cyclone was at its fiercest. It was then blowing with inconceivable
fury. The snils were torn from their gaskets, and the eanvas in the mizen rigging
blown awav. The wind began to moderate after midnight, and the sca went down
fast, and at noon on Wednesday, the weather was beautifully fine”.

The centre at 9 p.M., about which time it was nearest to the Moulmein, was in Lat.
20°30'N. and Long. 90°26’E., and had been moving during the previous three hours at
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the rnte‘ of 21 wiles per hour in a north-easterly direction. It continued to advanee
witli accelerating veloeity.

November 1st—One pecularity of the Backergunge cyclone was the rapid inereuse
in its rate of advance as it marched northwards, more especially on the 31st. During
the last five or six hours before it struck the coast it was murching at the mean rate of
about 22 miles. It struck the coast at the mouth of the Mezna. The centre passed
over the island of Huttyah hetween 3 and 3-30 A.ar. over the is'and of Siddhi between
4-30 and 4 A.M.. and over the South Bamni distriet betwren 4-30 and 5 s.M. The vortex, or
calm centre, appears to have been e'liptical shaped, the larrest axis running perpendi-
cular to the direction of moation, and was probably 16 miles in length, whilst the shortest
in the direction of motion was from 8 {o 10 miles in length.

The later history of the Backergunge eyclone is nunsnally hrief. The centre passed
over Noakhally at about 4 a.M. and over Dewangunij at 5 A M. whore the ealm interval
was very short. It was then advancing in a northeast direction to the Tipnerah hills.
They lay at right angles to, or across. the direetion of motian of the approaching eyclone,
and acted not only as a perfeet harrier, hut as an ohstruetion which completely hroke
up the cyclonic motion hefore 10 a.M. of the 1st.

The storm wave.- -The most remarkable fealure of the Backergunge coyelone was
the enormous storm wave which it drove over the islands and low lands at and near the
mouth of the Megna. The inundation was due to an unusually high tidal wave, followed
very shortly afterwards by the storm wave. Tt was full moon on the evening of the 31st,
and there was henee a spring tide which flooded the low-lying land at the head of the Bay.
High water was due at Chittagong at 0-30 A.M., and in the mouth of the Megna from 1 a.m,
to 2 AM. The pressure of the advaneing storm wave prevented the tidal and river water
flowing off. The storm wave wag henee retarded over the shallow water near the en-
trance to the Meena and aceumulated there and finally overpowered the down-flowing
waters, and rushed with irresistible foree over the islands. and low-lvine coast distriets,
covering them to the depth of from 10 to 30 or 40 feet in the ecourse of a very short
space of time, probahly less than half an hour. The waters receded very quickly as
the storm passed inland and hegan to hreak up, and at 8 a.n. they had entirely retreated,
after having destroved all the erops and drowned a verv larec proportion of the in-
habitants  The first ostimate of the destruetion of the life was given as ahout 200.000.
A later, and probably more correct, acconnt pute the loss of life hy drowning at 100,000,

and the loss subsequently by disease (chiefly cholera), direetly due to the inundation, as
100,000.

THE PORT BRLATR CYCLONE OF 1ST TO 7TH NOVEMBER 1891.

This storm is of great interest, more especially on account of the following
features :—

(1) It originated in the Gulf of Siam outside the Indian area. Tt advanced
acrgss the Malavan Peninsula into the Andaman Sea and Rav of Renmal Tt is the

first eyclone in the Bay on record of which there is clear and deeisive evidence that it
originated outside the Bay.

. (2) The storm was in its earlier stages of small extent although of great inten-
sity. The storm winds were henee of extraordinarv violence. in this resneat resembling
the.Fa]se Point Cvelone. The storm increased in extent withont altering in intensity
as it approached the head of the Bav. Tt had an existence of at least nine or ten
davs and was during upwards of seven days an intence cvelone.

Origin of the storm.—The storm is known to have erossed the Gulf of Siam on
the 30th and 31st of Octoher. Tt is probable that the storm originnted in the Gulf of
Siam on the 28th and 20th of October and that it had developed into a small evelonie
stm:m of considerable intensity on the morning of the 30th. when as shown by the
available information, it was moving westwards across the Gulf of Siam.

. History of the storm.—Accordine tn the few reporte of the storm® received from
Siam the cyclone was fullv developed on the 20th, and advanced over the Gulf of
Siam along a westerly course on the 30th and 31st.

The storm crossed the Malavan Peninsula dnring the night of the 3lst and
almost completely wrecked the town< of Bandon and Chaiya, the latter being one of

*It is n;known that‘thi;;ns a—t;;.)hoon which formedFto 4 t'l'(;s.r:xt‘h of Palawan betueen t
22nd and 24th October and then moved in & westerly direction, ntt
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the largest towns on the Guif of Siam  The storm broke out at Chaiya at 11 p.x.
of the 3lst and lasted until 3 a.M. of the st November. A storm wave flooded the
town to the depth of 7 or 8 feet. Three hundred and eighty-seven religious buildings
and 4,238 other buildings were more or less completely destroyed, and 109 people died
by drowning or by falling houses, etc. At Renong, on the west side of the Peninsula,
the storm lasted from about 1 ad. {o 7 AM. of the 1st. The destructive
part of the storm area averaged ahout sixty miles in breadth. The severity of the
storm in this belt was very great as houses and trees, etc.. were all levelled to the
ground and the roads rendered impassable by the rains and fallen trees,

The storm at this stage advanced at an average rate of ahout 18 miles per hour,
and passed out into the Andaman RSea' early on the morning of the 1st November.
It was of comparatively small extent, the inner aren of hurricane winds not exeeeding
80 miles in its longest diameter and 60 miles in its shortest diameter at right angles

to the direction of motion,

November 1st.—Pressure was very umform over northwestern and cential India.
Steepish gradients obtained in the Peninsula and the north of the Bay. In the Bay
(exelnding the Andaman Sea) windz were «lightly stronger in the northern half of
the Bay than in the southern half. Thev ranged m force from 4 in the north of the
Bay to 2 and 3 in the centre and south of the Bay

The weather over the greater part of the Andaman Sea at 8 A.M, of the 1st was
tine with light to moderate winds The 8. Varpesia nassed mtn the stoim area m the
afternoon. She had light winds at noon. Winds began to increase very rapidly
at 3 p.M. and blew with hurricane foree from 9 .M. to 3 At of the 2nd. The wind
earried away the jib-hoom and fore-top-mast head at 3 p.M. and the fore and main
topeails and fore topmast staysail at 9 p.ar. She had econtinuous rain during the
evening and night. The corrected reading of her harometer at midnight was 28.85”
at which hour the centre was prohably not more thanl 10 or 15 miles to the eastnorth-

east.
= Nowember nd.--The cyelone passed over Port Blair between 2 and 3 a.a. of the
2nd and then crossed ont from the Andaman Sea into the Bay of Bengal.

The data show that no change had as yet occurred in the north of the Bay.
Fine clear weather, with moderate northeast winds, obtained over the whole area to
the novth of Tat 18°N  Winds were of average foree 4:1 as eompared with 3-5, the
normal] force in November. The northward extension of squally weather was shown
by the fact that the vessels between Lat., 8°N. and 20°N, and to the east of Long.
88°F,. had cloudy weather with oceasional showers and squalls in the afternoon and
evening.

Weather in the sonth of the Bav had changed considerably during the previous
24 hours and was now squally with much rain and with moderate southwest to west
winds. The mean force of the winds experienced by seven vessels to the south of
Lat. 8°N. in the morning was 3.7, whereas on the morning of the 1st, the average
was only 2.0. The data hence show elearly that moderate sonthwest winds now
prevailed in the south of the Bav, whers on the 1st and preceding days calms and
light and variable airs had ohtained. The weather was also more or less squally,
and the squalls increased in severity during the dav. The data are not sufficient to
show clearly how far these squallv winds extended up the southeast of the Bay, as
there is no information available for the area hetween Tat. 8°N. and 11°N. Tt is,
however, very probable from the rapid echanmes in fhe winds and  weather
that this extension was due to the action of the <«torm. and that the hnmid
sonthwest winds of the ~outh of the Bav now extended northwarde as far a< Tat 12°N.
in the sontheast of the Bay, and were feeding inte the storm,

The cyelone passed over Port Blair carlv on the morning of the 2nd. The
observer, Mr. Carroll of the Medical Department. who was then the metenrological
observer at the Port Blair Ohcervatorv. took a valuable series of cheervations during
the storm, and alse supplied information from various sourees,

The following is Mr. Carroll’s account of the storm :—

“ On the afternoon of the 1st instant, at about 2 var. rain elonds, banking up
from the east and northeast, soon overspread the kv and burst, attended by strong
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wind. After a good shower, registering 0.60 inch of rain, the wind abated, leaving
the usual gloomy state of weather experienced on a monsoon day. During this
shower I noticed that there was some disturbance in the upper currents of air ; for,
the lower clouds—though moving chiefly from eastnortheast, were very frequently
unsettled, seeming to falter, circle and then move on—the wind-vane at that time
was oscillating between north and eastnortheast.  However, at 4 P.M. the wind
having fallen, to all ordinary appearance mischief was not expected. About 1 a..
on the 2nd instant the wind rose in flerce gusts from the north. This was the first
indieation of coming trouble. My bharometer registered 29.602” at 1 A.M. The
mercury continued to fall ; at 2 a.ar it registered 29.404” ; the wind-vane ecireling
at very great speed, and the wind so strong apparently from northeast, that I could
not force my way up the ladder to the anemometer. At this time the shingles from
the conviet barracks and hospitals were being ripped up by the wind. The I. M. S.
Fterprise then in. harbour was either heing driven or was forcing her way out at
the southern entranee of the Ross Harbour. and wes whistling, apparently m distress
(for, as it so happened, it was their death signal). She was driven on the rocks
when about halfway out, and was a total wreck, losing all but six hands, before day-
break. Between 2 and 3 a.M. there was a <ndden lull, then the wind veered round
to southward, and by 3 .. the eyelone was at its worst. The barometer reading
was 28.502” ; and, after a very hard struggle to reach the anemometer a reading was
registered at 499.9. Two steam bharges, several large lighters and many boats in
the harbours had lost their anchorage, aud were at the merey of the wind and waves.
Thev have all heen more or less smashed or otherwise destroyed. Trees of great size
were ripped up by the roots. Cocoanut-trees were broken off at the erowns like
mushrooms ; areca-nut trees snapped like mateh-wood and the voofs and sides of
nearly every building destroyed. At 4 A.M. the harometer rose to 28.680””. Another
attempt was then made to reach the anemometer This was accomplished with very
oreat difficulty, and the veading taken at 1054-1-4 miles, <o that in the hour the
wind travelled (505 — 499.9) - 1064 — 111.5 miles. The wind vane had been
wrenched off. About 15 minutes after leaving the anemometer the cups were
wrenched off too ; the platform and hand-rail leading to the instruments were
broken off.”

November 3rd.—The observations show that weather was not much changed in the
south of the Bay. Skies were more elouded and winds slightly stronger. The storm
was in the centre of the Bay, and it< influence was extending rapidly northwards.
Weather was squally, with strong easterlv winds over the whole of the north of the
Bay in the morning, and the winds intensified rapidly during the day,

The information when charted shows that the most probable position of the
centre at 8 A.M. was Lat. 14°10’N., Long. 87°20’E.

The whole of the ob<ervations indiecate that the storm area was extending and that,
the extension was oceurrine most rapidly in the eastern and southern quadrants of the
<tormi area. This is most elearly <hown by the weather experienced by the S. .
LinetInshire. Requlus, and Arratoon Ancar. The S. 8, Saint Reanlus, 350 miles north-
east of the storm eentre at noon, had hard squalls with heavy vain : the S. 8. Lincoln-
~ire, 300 miles northnorthwest of the centre at noon, had a stormv ga'e, with violent
rain ~analls. and at the 1oatoon 1 pear 350 miles northeast of the eentre at noon, had
very squally weather, with strong northeast winds. Tt is henee evident that the area
of the storm winds and gales and of severe <qualls had extended to a distance of at
least 350 miles to the northeast and <outheast of the centre.

Novemher 1th —Pressure had deereaced over the whole of Tndia The fall was
greatest in the Madras, Orisca and west Renaal coast distriets, where it ranged from
a tenth to a sixth of an ineh. Skies were overeast in the north Madras coast distriets,
and were more clouded than hitherto in Bengal. Rain had, however, not yet eom-
menced to fall in coast distrietc of north Madras or in Orissa or Bengal

The 8 A.M. observation< at the const stations indicate that there was a largish
disturbance off the coast of the Cireara and Ganiam, and that the eentre was probably
nearest to Vizagapatam, hut they give na definite information of the intensity of the
storm  The most noteworthv features of the oheervations were the verv dry nmth-
west winds at Cocanada and Vizagapatam. and the ahsence of rainfall in the outer
area of the disturbance.
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The 4 P.M. observations show that winds were unchanged in direction at these
coast stations, but that their force was increasing rapidly at False Point and Saugor
Island, due chiefly to the extension of the storm area during the day.

The storm did not affect the weather at Vizagapatam on the 4th to any important
extent, Weather was unsettled and sea rough, but the northwest winds gave clear
skies during the greater part of the day.

The marine data show that weather was very squally with strong southerly
winds in the eastern half of the entrance to the Bay. It was fine and clear with light
to moderate winds off the east Ceylon and Coromandel coasts and also over the
greater part of the Andaman Sea. Weather was more or less disturbed over the
centre of the Bay, and squally weather had now extended {o the head of the Bay.
The light vessels reported squalls and fresh ENE winds in the morning. Weather
was gloomy and skies overcast with northeast winds in south Bengal.

November 5th.—The 8 a.M. observations indicate that the cyclone on the morning
of the 5th covered Ganjam and Orissa and the adjacent portion of the Bay area.
The barometric readings and wind data at the coast stations showed that the storm
was one of very considerable extent and intensity. The cenfre at 8 A.M. was about
10 miles east of Puri, and hence off the south Orissa coast. It was advancing in
a northeasterly direction towards Falze Point.

The marine observations show thut conditions were unchanged in the south of
the Bay, where light to moderate winds obtained and weather was generally fine and
cloudy. Occasional squalls were experienccd, e.g., the S, Eurydice in Lat. 11°N,,
Long. 91°20’E., had squally weather dwing the day and the S. Joseph, in Lat.
14°25’N., Long. 91°50/E., had squalls with heavy rain, in the morning.

In the centre and north of the Bay cyclonic winds of indraught prevailed, and
were of force 8 and upwards between the 18th and 21st parallels of latitude and to
the west of the 90th meridian. The storm area was hence much larger than on the
2nd and 3rd, and had increased considerably in extent during the previous 24 hours,
and at the same time the storm had not diminished in intensity.

The storm centre passed a little to the east of (Gopalpur and Puri during the
morning and over Falee Point in the afternoon. It advanced about 25 miles to the
east of Shortt’s Island at the mouth of the¢ Dhamrah river late in the evening.
The following gives the accounts of the storm as experienced hy the Lady Agnes and
at these stations,

The Lady Agnes began to experience strong eyelonic winds on the morning of the
3rd, when she was at least 350 miles to the north of the centre. She drifted west-
wards during the day near the south Orissa coast. On the morning of the 4th when
she was about 200 miles to the north of the centre, she experienced a hard gale with
hard squalls. The centre on the 4th recurved through northnorthwest to northnorth-
east and rapidly approached the <hip Lady .dgnes. In the evening the wind*-had
increased to a terrific gale from eastnertheast. At 1 A.M. of the 5th, when the vessel
was probably off the Ganjam coast east of Gepalpur, it was necessary to eut away the,
foremast. She was nearest the centre between 3 A, and 1 row. at which time she
had hurricane winds with a {remendous sea. =he was then probably not more than
15 or 20 miles from the centre. She was carried rapidly under the forece of the
winds and stormn emrrents from the wesi o the southeast quadrant of the eyeclone,
and was gradually left behind on the morning of the 5th. Flence weather rapidly
improved, and she had moderate winds and fine weather on the afternoon and evening
of the 5th.

The storm at Puri began at 10-30 p.m. of the 4th, and lasted until 1-30 p.»s.
of the 5Hth. During this  period 13 inehes of rain fell. The observer also states
that the wind blew at the rate of 96 miles an hour at 9 r.M, of the 4th. This, how
ever, is very doubtful. He also adds that 1t hlew most heavily between 7 and 10 A.M.
of the 5th, when it was utterly impossible to take readings of the anemometer on
cceount of the violence of the wind. The anemometer was hlown away <hortly after
10 A, The wind was from northeast dnring the greater part of the storm and shifted
rapidly to westnorthwest hetween 7 a0, and 10 2.M. Much damage was done to houses
g:)l: many lives are reported 1o have heon lost in the Chilka lake by the nnsetting of

ts.
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The storm ventre passed over Kalse Point i the afternoon between 405 r.:
and 445 p.M.  L'wo series of observations are avaiabie, one taken by the observer at
the Light-house and the other by the Port Officer.

The central calm area passed over the light-house between 4-05 and 4-4b 1.M,;
and hence lasied 40 minutes. As the storm was progressing at the rate of nearly
9 mules an hour, the greatest diameter in a noith and south section was between O and
6 mues. The Port Utnee was Just on the outer western edge of the calm centre.
'he Port Ottice bears northnortheast (wde Taylor’s Directory) from the hght-house.

The False Pomnt observations throw Lght upon several interesting teatures ol
cyclones. The foilowing are the most noteworthy pownts :—

Fust.—The passage of the calm central area over the light-house lusted more
than halt an hour,-and hence aflorded ample time to test the pressure and aw
motion conditions 1n  and near the calm area. The calm lasted from 4-05 r.M. to
4-45 p.M. As deseribed by the observer, the wind, which was blowing a moderate
gale at 4 P, fell to a dead calm at 4-5 p.M. 'The transition was hence abrupt, but
less so than 1s usually mndicated by the remarks in the logs of ships that have passed
through the central calm area of cyclones. The dead calm was followed by light
variable winds until 4-45 r.m, after which the wind increased very rapidly and wus
biowing with hurricane tforce at 5 r.M. These observations hence indicate that- the
transition from the central calm to the hurricane winds just outside the central caim
area 18 less rapid than 1s usually supposed, and that the change is rapid and gradual,
rather than abrupt and spasmodie.

The False Point Port Oflicer added the following remarks to the observations
which he forwarded : —

“1 would also beg to say that this has been one of the most severe cyclones that
I have experienced during my long residence of 264 years at False Point. The whole
of the station except the retfuge building, is in ruins, but I am happy to say that no
lives have been lost.”

“The whole of the beacons marking the harbour have been blown away and
Reddie Head Sand Spit has entirely disappeared. Yesterday afternoon 1 pulled
across in my boat what used to be dry sand and found nothing less than 6 feet of
water”,

The keeper of the light house on Shortt’s Island at the entrance to the river
Dhamrah (in Lat. 20°47'N., Long, 86°50’E.) took a most valuable series of observa-
tions during the storm. The station was about 16 miles to the north of the centre
whe(xiz nearest to it about 8 p.M. and hence within the inner storm area of hurricane
winds,

The following is his account of the weather on the 5th :—

November 5th.~From midnight to 6-0 a.M. the squalls continued with unabated
force and frequency, but the rain was not heavy during this time. During a lull
which occurred between 6-0 and 6-10 a.M. the wind shifted to E by 8, followed imme-

- diately by a terrible rain squall. At 6-40 A.M. wind backed to NE. During the lulls
atter the squalls the wind veered to ENI and backed to NE on the approach of the
next squall. 8-0 A.M. no change in the frequency or violence of the squalls ; blinding
ramn prevailing. bpeiween 5-U and Y-U a.M., after the squalls the eclouds broke to
wmdward and after this the sky again became entirely overcast and squalls increased
In violence ; wind still unsteady. From 11-0 to 11-10 a.M. the sun shone brightly,
the mnterval veing vetween two squalls ; afterwards the sky hecame overcast and
very wild-looking, and squalls more violent with heavy rain. At noon I noticed
that the sea level had fallen about 4 feet in the space of about half an hour; no
apparent change in the weather. From noon to 3-0 p.a. squalls one after the other
in quick succession of terrific violence with hard rain. At 3-20 p.M. wind shifted to
E by S, squalls still most terrific. From 4-0 to 5-0 p.M. the appearance of the
weather was most terribly wild ; all persons took refuge in the light-house at this
time. _From 5-0 to 10-0 p.m. a hurricane from ESE, with incessant heavy rain and
lightning ; 10-10‘P.M. \_?veather suddenly moderated to fresh breeze, but gusty. At
10:50 P.M. the wind shifted to N blowing a very strong gale, but gusty with light
;2“: hzgge .hghtnmg, Barometer rising rapidly and pumping very much.  Midnight,

. - -
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November Gth—The various observalions indicate that the centre bad continued
to recurve slowly during the night of the 5th, und at 8 a.m. of the Gth, it was crossing
the coast of the Sunderbuns some distance to the east of the Saugor Island and
marching w an castnortheast direction.

Skies were now overcast over the whole of Bengal and Assam aud aiso wm south
Bihar and Chota Nagpur. They weie partially clouded m  wnorth Bibar and the
castern districts of the United Frovinces, and were clear over the whole of north-

western und ceutrul India.  Very hedvy ram had iallen i Orissa during the previous
24 hours.

The chart giving the 8 A distribution of pressure of this day shows that the
storm centre al that hour was due east of Saugor Island, at a distance of between 30
and 40 miles,

The observations appear to indicate that the storm was already begmnmg to
break up. Strong winds were blowing at Saugor lsland and Caleutta nearest to the
centre. These stations occupled the same position at thus time relative to the centre
that Gopalpur had done about 24 hours previously. The winds at these stations at
8 A.M. were very much feebler than at Gopalpur their velocity bemg not more than
one-half or one-third that at Gopalpur on the previous mormmng, when 1t was nearest
the centre, The winds at Barsal, Dacca and Jessore in east Bengal m the north-
eastern quadrant, were comparatively feeble, and Barsal reported a calm at 8 A.M.

The storm centre at 8. A.M. was about 35 miles to the east of Saugor Island and
at 4. r.M., was a little to the southeast of Dacca. As it had passed over False Pomt
between 4 p.M. and 5 p.AL of the preceding atternoon, it advaunced across the north-
west angle of the Bay during the mght. The hght vessels and pilot vessels and a
number of vessels which had arrived at the Sunderbuns during the previous 48 hours,
and were cruising about, waiting for the bad weather to pass away i order to obtan
pilots and proceed up the river to Calcutta, were all involved in the storm during the
night and experienced hurricane winds and a tremendous sea.

The V. P. Coleroon which had passed through uearly every eyelonic storm of the
previous 20 years, foundered during the night off the Orissa coast,

The storm centre passed over the ¥. L. V. Canopus at 2-30 a.M. of the 6th. She
was stationed at the Intermediate Station (Lat. 21°14’N., Long. 88°11’K.) 30 miles
to the SSK of Saugor lsland.

Captain Beahan describes the weather he experienced as follows :—

“The 5th commenced with a brisk easterly gale and high ses, but as the day
advanced the wind increased in force, the sea became more confused aund the blinding
heavy rain squalls more trequent. By 4 pM. it was blowing a hard gale, wind
veering from east to eastsoutheast in the squalls, and at 10 p.m. 1t had settled and
remained steady at east till 2-30 A.M. on the 6th, when it suddenly fell calm, the.calu:
lasting not more than from 3 to 4 minutes. At this time the wind shifted suddenl;
into the westnorthwest and blew with terrible force. In all my experience at thy
Sandheads during the last 16 years, 1 have never seen anything like the heavy rain
thunder and lightning, terrible sea and force of the wind that we experienced in thn
storm.

“From 10 p.M. on the 5th to 3-30 A.M. on the 6th, it was blowing with most
terrific force and the sea very high and confused. At 2-20 a.M. just before the centre
passed over us, the vessel heeled over the starboard, putting main and other hatches
in thc water. We then parted a 20-inch coir cable, and were driven from our station.
We remained in the above position, vessel heading eastsoutheast till 3-30 a.M., the
terrific sea sweeping over us. When it moderated I brought the vessel up, and at
daylight found myself near the South Channel, being 18 miles southwest off my
station. 1 observed a number of wrecks of vessels floating about bottom up, and in
pieces, and the sea covered with wreckage .

November 7th—The depression at 8 AM, was in the Cachar district of Assam
and adjacent districts, but it was now very slight and of little importance,

The breaking up of the storm accompanied a rapid clearing up of the skies
during the night of the 6th.
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Intensity of the storm as gauged by the maximum depression of thg barometer.—
The following give the Jowest barometric readings actually observed in or near the
ealm central arca on different dates :—

Barometer ‘
corrected |
and Variation
Date. Position with regard | reduced from
to calm centre. to sca normal
level and | of day.
* constant
gravity.
Port Blair ., . .. | 20d—2 s .. | 9 miles from contral | 28-256¢ | —1-86
arca.
’ 3 AM. .. | 5 miles from central | 28-359 —1-43
area.
Puri e . ee | 5th—6 a.M. .. | 25 miles from central | 29-068 —0-77
area.
False Point Light-house .. | 5th—3-45p.M. | 2milesin front of calm | 28-012 —1-83
centre.
False Point Port-Office .. | 6th—5 .M. .. | Just outside the calm | 28-190 —1-66
centre.
Shortt’s Island .e .. | 6th—8rM. .. | 25 nules north from| 29-028 —0-86
the calm centre.
Intermediate station .. oo | 6th—2-0 A.M. In calm centro . | 28-670 -—]:22
Lena . .e ee | 6th—1:15 o.M, | In calm centro . 28-000 2| —1-89
Lincolnshire . .. | 6th—2aM. .. | 5to10milesfromcalm | 28-86G0 1-03
centre,
Japan .. . e | 6th—2-20 oM. | 20 to 30 miles from | 29-160 —0-78
_cnlm (_'or_lﬁm._

Magnitude of the storm.—The whole of the data strongly support the inference
that the inner storm aren was praclically unchanged in shape and extent from the
evening of the 31st to that of the 5th. Tt was almost cerfainly elliptical-shaped
throughout, its largest diameter averaging 80 miles and shortest diameter (probably)
60 miles. The direetion of 1~ longest  dinmefer eoincided approximately with the
direetion of advanee of the storm eentre throuchout its existence,

Tt is much move difficult to estimate the eatent of the outer storm arvea, 1t is,
however, cerfain 1n the present case that when the storm entered the Andaman Sea
it did not affect the wea’her and winds to any considerable extent at distances of
100 r‘ni]os {o the north and south. As it advanced over the Day the area of strong

ifls and squally to stormy weather inereased largely in extent. The extension
occurred chiefly in the eastern and sonthern quadrants, where the indraught {o the
eyelonie storm intensified the sonthwest monsoon humid winds. For example, on ihe
5th, winds of force 8 (moderate gale) were experienced at distances of at least 300
to 350 miles from the eentre in these quadrants.

Henee the important inference that the ealm eenfral area and the imner storm
were almost unchaneed in extent, and in several other characteristie features from the
1ot to the 5th, but that a very considerable extension oecurred during this period in
the outer storm area. The extension was greatest and most marked in the eastern and
southern tuadrant, the quadrants into which the humid winds that maintained the
storm were chiefly drawn.

Calm centre —The features of the ealm eentre of the evelone, as far ac they are
indieated by the observations taken at False Point and Port Blair, have heen fully des-
eribed i the hody of the report. The following gives a summary :—

(1) Pres<ure was lowest at some litfle dictanee in front of the ealin aren

(2) Pressare was not quite uniform in the ealm area but inereased <lichtlvy in
proceedine alone the diameter eoinciding with the direction of advance and in the
opnosite direction.

(3) The air wa< praetieally. if nat abeclntelv, ealm within the ealm area nroper.

(4) The transition fiom the hmrricane wind< in front fo the eentral ealm was
not sudden; bwt gradual, and <imilarly in the rvear the ransition from the calm to
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burricane winds was not instantaneous, but gradual.  This is fully established

by the observations, taken at the False Point Light-house. ‘

(5) The observer at the False Point Light-house thus deseribes the appearance
of the sky when the calm centre was passing over it. “ The sky was covered with
broken cloud, and there was a heavy bank to eastward”. ’

(6) The murcury column did not pulsate in the ealm area as it did outside of it
in the area of hurricane winds and fierce gusts. The light-house keeper at False
Pount states :—

. “1 noticed that during the approach of the storm the pointer of the aneroid
oscillated a good deal, jumping up and down fully one-tenth of an inch, and the
same thing occurred when the storm was receding ; but during the time the
centre was passing it remained quite steady. At one time during the approach
of the storm the pointer went as low as 28-087 with the oscillation. I have
noticed a shght oscillation of two or three hundredths of an inch in other
cycloucs, but pever to such an extent as in this one.” .

Rainfall.—The rainfall data of the storm henee support the following inferences :—

(1) The rainfall accompanying the storm was excessive and torrential in
character whilst it was in full vigour,

(2) The rainfall diminished rapidly on the 6th whilst the storm was filling up,
and practically ceased before the residual depression had disappeared.

(3) The rainfall was heaviest in the advancing quadrant, not only whilst the
storm was fully developed, but also whilst it was filling up.

It is hence very probable, if not almost certain, that in the strongest blasts the

+ veloeity was certainly not less than 120 miles per hour and may have been as much

150 miles. )

Secondary whirls.—A noteworthy feature of this storm was the existence of small
subsidiary whirls as part of the large general disturbance. There is some evidence of
the existence for a short time of certainly two-—and perhaps of three—subsidiary
whirls in this storm. 'They were observed in the following cases :—

(1) By the S. 8. Arratoon Apcar on the 3rd, 300 miles to the southeast of thd
storm centre.

{2) At Gopalpur on the 5th.

(3) In the Hooghly near Saugor Tsland on the 5th.

Recurvature of storm.—As invariably happens when a storm recurves in the Bay;
the rate of advance decreased very considerably and varied to some extent with the
amonnt of reenrvature.  The veloeity of {he storm centre, which averaged approxi-
mately 20 miles on the 31st, 1st and 2nd, decreased to 9 miles per hour on the 3rd and
Ath, and ineveased  slightly on {he 5th and Gth to an average of 12 miles for.the
24 hours preceding 8 ang, of the 7th,
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